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ADVERTISEMENT OF THE TRANSLATOR 

TO THIS TIFTH IDITION. 



THE very high character which the late celebrated 
Mr. Lavoifier has fo defervedly acquired as a chemical 
philofopher, and the great revolution which he, prin- 
cipally, has effected in the theory of chemiftry, had 
long made it greatly defired by all cultivators of phyfi- 
cal fcience, to have a connected account of his difcov- 
eries, and thofe of other chemical philofo pliers, on 
which his opinions are founded, together with an accu- 
rate expofition of the new theory, or rather of the reg- 
ular concatenation of fads, which he has eftablifhed, 
in confequence of thefe difcoveries, made by himfelf 
and others. For the performance of this arduous un- 
dertaking, no one could be better qualified than Mr. 
Lavoifier himfelf. He was not only thoroughly conver- 
fant in the difcoveries of other philofophers, having, 
with infinite pains, repeated all their important experi- 
ments, and fo varied mofl of them as to bring their 
refults into a much clearer view, but was himfelf the 
author of many important difcoveries. The hifiory, 
therefore, of thefe difcoveries, and their proper ar- 
rangement, for conveying an exact idea of the new 
theory which he had deduced from them, could not, 
certainly, have been given to the world fo well, or 
with fo much propriety, by any other perfon. 

This great defideratum in the hifiory and fcience of 
chemiftry, was accomplifhed in the year 1780, by the 
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publication at Paris of thefe Elements of Chcmiftry by 
Mr. Lavoifier ; and a copy of that excellent work hav- 
ing foon after fallen accidentally into the hands of the 
Tranflator, he was eager to give it to the public in 
Englifh. He has received infinite fatisfa&ion from the 
favourable reception experienced by his firft attempt to 
merit the favour of the public ; and, whatever hefita- 
tion he may have originally felt, on a firft appearance, 
even in the character of a Tranflator, fo many editions 
having been rapidly exhaufted, is fufficient inducement 
to repeat the impreflions as called for. 

A new edition of the original having been announced 
at Paris in the winter 1792-3, expectations were formed 
that the illuflrious author might have made confiderable 
improvements ; but from a correfpondence with Mr. 
Lavoifier, the tranflator is enabled to fay, that the 
new edition, having been printed without his know- 
ledge, is entirely a trdfafcript from the former. 

The tranflator has been much importuned by his 
friends, to publifh the letter he had the honour of re- 
ceiving from the illuflrious author of this book. After 
withholding it in the three laft editions, he now ven- 
tures to annex it to this advertifement ; but thinks it 
moft decorous that it fhould remain in the French. 

In the original of thefe Elements the thermometrical 
fcale of Reaumur is employed for defcribing the degrees 
of temperature in the experiments : In all the editions 
of this tranflation, after the firft, thefe degrees have 
been uniformly transferred into their correfponding 
degrees on the fcale of Fahrenheit, which is univerfally 
ufed by the Britifh philoibphers. The centigrade fcale, 
originally employed in Sweden, is certainly preferable 
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to ail others, and is now common in France. In the 
appendix to the fecond volume, No. 4, rules are given 
for reducing the fcales of the mod generally ufed ther- 
mometers into each other. 

The weights employed by Mr. Lavoifier for detailing 
the ingredients and remits of his various experiments, 
are, in the original, exprefled in the cuflomary aliquot 
parts of the old Paris pound, poids de marc, which is 
divided very differently from the Englifh pound, either 
troy or avoirdupois : To render the weights detailed in 
thefe experiments fully intelligible to the Britifh reader, 
they are all, fmce the fecond edition, reduced to decimal 
fractions of the pound, which will ferve for all denomi- 
nations, and ought to be univerfally ufed in fcientific 
labours.. 

In the courfe of the tranflation, feveral explanatory 
notes are added ; principally for the purpofe of render- 
ing the doctrines of the author more readily underflood 
by beginners, and by thofe who have only been accuf- 
tomed to the old language of chemiflry. In confe- 
quence, however, of the perfpicuity of the author, 
much fewer of thefe were found neceifary than might 
have been expected confidering the comprehenfive na- 
ture of the work. It was intended by the author to 
convey a general view of the new chemical theory, 
rather than to give a fyftem of chemiltry ; yet, fuch 
is the excellence of its plan and execution, that, with 
thefe limited intentions, it is the bell body of chemical 
philofophy extant. 

In a fmall number of places, the tranflator has 
taken the liberty of throwing to the bottom of the 
page, in notes, fome parenthetical exprefiions, no- 
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direftly connected with the fubjecl: ; which, in their 
original place, fecmed rather to confufe the fcnfe of 
the paffages in which they flood. Thefe, and the orig- 
inal notes of the author, are diftinguifhed by the letter 
A ; and to thofe which the tranflator has ventured to 
give, rhe letter T is fubjoined. 

Some very material additions have been made by 
the tranflator in the various editions, relative to fuch 
difcoveries as have taken place in different parts of 
chemiftry fmce the publication of the original ; but as 
thefe are all diftin&ly marked in their proper places in 
the courfe of the work, it is not neceffary to particu- 
larize them here. 

The additions which have been made to this fifth 
edition, have been fo numerous, as to make it neceffary 
to divide the work, as m the original, into two vo- 
lumes. A copious index is now firfl added. 

Had not the illuftrious Author been cut off, in the 
full vigour, and fplendid yet folid career, of his phi- 
lofophical purfuits, by the monfter who tyranized 
over France, and convulfed the world by his enormous 
crimes, his intended republication of this work, on a 
new plan, as mentioned in his letter to the tranflator, 
would affuredly have given the world a very perfect 
fyftem of chemiftry in all its parts. In the rapidly ad- 
vancing ftate of chemiftry, not, alas! to compenfate 
the irreparable lofs of the juflly famous Author, the 
Tranflator has dared to attach fome notices of thofe 
progreffive improvements to the text of thefe Elements; 
together with fome additions at the end, of which he 
was not poffeffed of information while the prefent edi- 
tion was in progrefs. AH of thefe are carefully dif- 
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tinguifhed, left any efcapcs from his own imperfect 
knowledge mould derogate from the high and merit- 
ed fame of the immortal author. May thefe endeavours 
to aid the progrefs of chemical fcience, be acceptable 
to the indulgent public, as his humble, yet willing tri- 
bute, to the immortal memory of the great Lavoifier ! 
In the original Mr. Lavoifier gave, in an appendix, 
feveral very ufeful tables, for facilitating the calcula- 
tions now neceffary in the advanced flate of chemiftry, 
wherein the moft fcrupulous accuracy is required : 
Thefe are now as indifpeniibly requifite to the opera- 
tions of the chemical philofopher, as the Ephemerides, 
and Nautical Almanacs, and Logarithmic Tables, are 
to the Navigator, Aftronomer, and Geometrician. 
Thefe tables are all retained in this tranflation ; being, 
however, reduced to the flandards of Britiih weights 
and meafures, with appropriate rules for making the 
neceffary converfions from the weights and meafures of 
old France, as ufed by the author : And the tranflator 
is proud to acknowledge his obligations to the learned 
Profeffor of Natural Philofophy in the Univerfity of 
Edinburgh, and to his friend Dr. Rotheram, formerly 
affiftant to the late illuftrious Dr. Black, profeffor of 
chemiftry in the Univerfity of Edinburgh, and now 
profeffor of natural philofophy in the Univerfity of St. 
Andrews, both of whom kindly fupplied him with the 
neceffary information, and took the trouble of making 
a number of very laborious calculations for this pur- 
pofe. With the fame obliging affiftance, feveral very 
ufeful additional tables have been given in the Appen- 
dix, which need not be here enumerated, as they will 
diftinctly appear in their proper places. 



POSTSCRIPT 



TO THE 



THIRD EDITION, 



THE Philofophical world has now infinitely to de- 
plore the tragical and untimely death of the great 
Lavoisier ; who has left a rare example of fplendid 
talents and great wealth, at the fame time immerfea" in 
numerous and important public employments, which 
he executed with diligent intelligence, and devoting his 
princely fortune and vaft abilities to the fedulous culti- 
vation, and mofl fuccefsful improvement of the fciences. 
If the fanguinary tyranny of the monfler Robefpierre 
had committed only that outrage againft eternal J uf- 
flice, a fucceeding age of the mod perfect govern- 
ment would fcarcely have fufficed, to France and to the 
world, to repair the prodigious injury that lofs has pro- 
duced to chemiftry, and to all the fciences and econom- 
ical arts with which it is connected. 

Had Lavoifier lived, as expreffed in a letter* receiv- 
ed from him by the Tranflator a fhort while before 
his maflacre, it was his intention to have republifhcd 
thefe Elements in an entirely new form, compofing a 
Complete Syftem of Philofophical Chemiftry : And, 
as a mark of his fatisfaclion with the fidelity of this 
tranflation, he propofed to have conveyed to the Tranf- 
lator, meet by meet as it mould come from the prefs, 
that new and invaluable work, alas ! now for ever loft. 

* N»\v fubjoined. 



BETTER FROM THE AUTHOR 

TO THE 

TRANSLATOR. 



Paris, 6 Janvier, 1793. 
L'an 2 de la Rcpubliqite. 

Monsieur, 

IL eft vrai que Pimprimeur, qui s'etoit charge de 
la publication de mes Elemens de Chimie, vient d'en 
dormer une feconde edition ; mais e'eft a mon infeu, 
et fans que j'y aye fait le plus leger changement. C'eft 
done plutot une contrefaction, qu'une feconde edition. 

Je ne puis au-furplus voir qu'avec bien de la recon- 
noiffance ['intention ou vous m'annonces etre d'enter- 
prendre la traduction en Anglois d'une feconde edition. 
Je vous prie de me refcrver cette bonne volonte pour 
un autre terns ; car depuis que j'ai abfolument renonce 
a toutes les affaires publiques, et que j'ai refolu de don- 
ner aux fciences tout mon terns, j'ai enterpris d'?s Ele- 
mens de Chimie fur un plan beaucoup plus vafte. Je 
ne penfe pas que la publication puifle en etre faite avant 
deux ans, et je m'empreuerai de vous en adrefler un 
exemplaire, feuille par feuille, fi vous le defircs, des 
que l'impreffion fera commencee ; mais ce n'efl que 
dans un an au-plutot que je pourrai commencer les 
envoys. Je vous prierai alors de m'indiquer la voye par 
laquelle vous jugeres a-propos que je faffe les envoys. 

J'ai recu dans le terns l'txemplaire que vous avez 
bien voutu m'envoyer de votre excellente traduction. 
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Je m'y trouvc prefque toujours plus clair que dans le 
texte. 

Si je ne vous ai point ecrit, e'eft que j'etois livre a 
des occupations d'un genre bien different : on pouvoit 
nlors efperer de fe rendre utile dans les places de l'ad- 
miniftration ; mais aujourd'hui que la France eft en 
pro ye aux factions, il devient extremement difficile de 
faire le bien, et il faut ctre ou bien ambitieux, ou bien 
infenfe, pour afpirer au grandes places. 

Tai Thonnour d'etre, avec la plus parfaite confidera- 
lion, 

Monsieur, 

Votre tr^s humble, 

et tres obeifiant ferviteur. 

LAVOISIER. 



To Mr. Kerr, care of Mr. Creech, 
Edinburgh, Britain. 



PREFACE OF THE AUTHOR. 



WHEN I began the following Work, my only object 
was to extend and explain more fully the Memoir 
which I read at the public meeting of the Academy of 
Sciences in the month of April 1787, on the neceffitv 
of reforming and completing theNomenclature of Che- 
miftry. While engaged in this employment, I per- 
ceived, better than I had ever done before, the juftice 
of the following maxims of the Abbe de Condillac, 
in his Syflem of Logic, and fome other of his works. 

" We think only through the medium of words. — 
" Languages are true analytical methods. — Algebra, 
" which is adapted to its purpofe in every fpecies of ex- 
" preffion, in the moft fimple, moft exact, and bed 
" manner poffible, is at the fame time a language and 
" an analytical method. — The art of reafoning is no- 
" thing more than a language well arranged." 

Thus, while I thought myfelf employed only in form- 
ing a Nomenclature, and while I propofed to myfelf 
nothing more than to improve the chemical language, 
my work transformed itfelf by degrees, without my 
being able to prevent it, into a treatife upon the Ele- 
ments of Chemiftry. 

The impoffibility of feparating the Nomenclature of 
a fcience from the fcience itfelf, is owing to this, that 
every branch of phyfical fcience muft confifl of three 
things ; the feries of facts which are the objects of the 
fcience ; the ideas which reprefent thefe facts ; and the 
words by which thefe idea; are expreffed. Like three 
impreffions of the fame feal, the word ought to pro- 
duce the idea, and the idea to be a picture of the fact. 

B 
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And, as ideas are preferved and communicated by- 
means of words, it neceflarily follows, that we cannot 
improve the language of any fcience, without at the 
fame time improving the fcience itlelf ; neither can 
we, on the other hand, improve a fcience, without im- 
proving the language or nomenclature which belongs 
to it. However certain the facts of any fcience may 
be, and however juft the ideas we may have formed 
of thefe facts, we can only communicate falfe or im- 
perfect impreffions of thefe ideas to others, while we 
want words by which they may be properly expreffed. 

To thofe who will confider it with attention, the firft 
part of this treatife will afford frequent proofs of the 
truth of thefe obfervations. But as, in the conduct 
of my work, I have been obliged to obferve an order 
of arrangement effentially differing from what has been 
adopted in any other chemical work yet publifhed, it is 
proper that I mould explain the motives which have 
led me to adopt that arrangement. 

It is a maxim univerfally admitted in geometry, and 
indeed in every branch of knowledge, that in the pro- 
grefs of invefligation we mould proceed from known 
facts to what is unknown. In early infancy, our ideas 
fpring from our wants, the fenfation of want exciting 
the idea of the object by which it is to be gratified. 
In this manner, from a feries of fenfations, obfervations, 
and analyfes, a fucccffive train of ideas arifes, fo link- 
ed together, that an attentive obferver may trace back, 
to a certain point, the order and connection of the 
whole fum of human knowledge. 

When we begin the ftudy of any fcience, we are in 
a fituation, refpecting that fcience, fimilar to children j 
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and the courfe by which we have to advance, is pre- 
cifely the fame which Nature follows in the formation 
of their ideas. In a child, the idea is merely an effect 
produced by a fenfation ; and in the fame manner, in 
commencing the fludy of a phyfical fcience, we ought 
to form no idea but what is a neceffary confequence, 
and immediate effect, of an experiment or obfervation. 
Befides, he who enters upon the career of fcience, is 
in a lefs advantageous fituation than a child who is ac- 
quiring his firft ideas. To the child, Nature gives vari- 
ous means of rectifying any miftakes he may commit 
reflecting the falutary or hurtful qualities of the ob- 
jects which furround him. On every occafion his judg- 
ments are corrected by experience ; want and pain are 
the neceffary confequences arifmg from falfe judg- 
ment ; gratification and pleafure are produced by judg- 
ing aright. Under fuch maflers, we cannot fail to be- 
come well informed ; and we foon learn to reafon 
juftly, when want and pain are the neceffary confe- 
quences of a contrary conduct. 

In the fludy and practice of the fciences it is en- 
tirely different ; the falfe judgments we may form 
neither affect our exiflence nor our welfare ; and we are 
not compelled by any phyfical neceffity to correct 
them. Imagination, on the contrary, which is ever 
wandering beyond the bounds of truth, joined to felf- 
love and that felf-confidence we are fo apt to indulge, 
prompts us to draw conclufions which are not immedi- 
ately derived from facts ; fo that we become in fome 
meafure interefted in deceiving ourfelves. Hence it 
is by no means furprifing, that, in the fcience of 
phyfics in general, men have fo. often formed fup- 
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pofitions, mftcad of drawing conclufions. Thcfe fup>- 
pofitions, handed down from one age to another, ac- 
quire additional weight from the authorities by uhich 
they are fupported, till at lait they are received, even 
by men of genius, as fundamental truths. 

The only method of preventing fuch errors from 
taking place, and of correcting them when for med, is 
to reft ram and fimplify our reafoning as much as pofli- 
ble. This depends entirely on ourfelves, and the ne- 
glect of it is the only fource of our miflakcs. We 
mull truft to nothing but fads : Thefe are prefented 
to us by Natuse, and cannot deceive. We ought, in 
every infrance, to fubmit our reafoning to the teft of 
experiment, and never to fearch for truth but by the 
natural road of experiment and obfervation. Thus 
mathematicians obtain the folution of a problem, by 
the mere arrangement of data, and by reducing their 
reafoning to fuch fimple fteps, and to conclufions fo 
very obvious, as never to lofe fight of the evidence 
which guides them. 

Thoroughly convinced of thefe truths, I have im- 
pofed upon myfelf, as a law, never to advance but from 
what is known to what is unknown ; never to form 
any conclufion which is not an immediate confequence 
necefTarily flowing from obfervation and experiment ; 
and always to arrange the facts, and the conclufions 
which are drawn fr m them, in fuch an order as fhall 
render it moil eafy for beginners in the fludy of che- 
miftry thoroughly to underfland them. Hence I have 
been obliged to depart from the order ufually obferved 
in courfes of lectures and treatifes upon chemiftry ; 
which always affume the firfl principles of the fcience 
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as known, whereas the pupil or the reader mould never 
be fuppofed to know them till.they have been explained 
in fubfequent leflbns. In almoft every inftance, chemi- 
cal authors and lecturers begin by treating of the ele- 
ments of matter, and by explaining the table of affini- 
ties ; without confidering that, in fo doing, they rauft 
bring the principal phenomena of chemiftry into view 
at the very outlet : They make ufe of terms which have 
not been defined, and fuppofe the fcience to be un- 
derftood by the very perfons they are only beginning 
to teach. 

It ought likewife to be confidered, that very little of 
chemiftry can be learned in a firft courfe, which is 
hardly fufficient to make the fcience familiar to the ears, 
or the apparatus familiar to the eyes. It is almoft im- 
poffible to become a chemift in lefs than three or four 
years of conftant application. 

Thefe inconveniences are occafioned, not fo much 
by the nature of the fubject, as by the method of 
teaching it ; and, to avoid them, I was chiefly induced 
to adopt a new arrangement of chemiftry, which ap- 
peared to me more confonant to the order of Nature. 
I acknowledge, however, that in thus endeavouring to 
avoid difficulties of one kind, I have found my- 
felf involved in others of a different fpecies, fome of 
which I have not been able to remove ; but I am per- 
fuaded, that fuch as remain do not arife from the na- 
ture of the order I have adopted, but are rather confe- 
quences of the imperfection under which chemiftry 
ftill labours. This fcience has many chafms, which 
interrupt the feries of fads, and ofteu render it ex- 
tremely difficult to reconcile thefe with each other. It 
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has not, like the elements of geometry, the advantage 
of being a complete fcience, the parts of which are all 
clofely connected together. Its actual progrefs, how- 
ever, is fo rapid, and the facts, under the modern doc- 
trine, have aflumed fo happy an arrangement, that we 
have ground to hope, even in our own times, to fee it 
approach near ihe higheft ftate of perfection of which it 
is fufceptible. 

The rigorous law from which I have never deviated, 
of forming no conclufions which are not fully warrant- 
ed bv experiment, and of never fupplying the abfencc 
of facts, has prevented me from comprehending, in 
this work, the branch of chemiftry which treats of affini- 
ties, although it is perhaps the beft calculated of any 
pnrt of chemiftry for being reduced into a completely 
i'yflematic body. Meflrs. Geoffroy, Gellert, Bergman, 
Scheele, De Morveau, Kirwan, and many others, have 
coll de a great number of particular facts upon this 
fubj.ct, which only wait for a proper arrangement. 
But the principal data are ftill wanting, or, at leaft, 
thofe we have are either not fufficiently defined, or not 
fufficiently proved, to become the foundation for fo 

v important a branch of chemiftry. This fcience of 
affinities, or elective attractions, holds the fame place 
with regard to the other branches of chemiftry, that 
the higher or tranfcendental geometry does with ref- 
pect to the fimpler and elementary part. And I thought 
it improper to involve thofe fimple and plain elements, 
which I flatter myfelf the greateft part of my readers 
will eafily underftand, in the obfeurities and difficulties 

ich ftill attend that other very ufeful and neceflary 
branch of chemical fcience. 
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Perhaps a fentiment of felf-love may, without my 
perceiving it, have given additional force to thefe re- 
flections. Mr. de Morveau* is at prefent engaged in 
publifliing the article Affinity in the Methodical En- 
cyclopaedia : and I had more reafons than one to decline 
entering upon a work in which he is employed. 

It will, no doubt, be a matter of furprife, that in a 
treatife upon the elements of chemiftry, there mould 
be no chapter on the condiment and elementary parts 
of matter ; but I may here obferve, that the fondnefs 
for reducing all the bodies in nature to three or four 
elements, proceeds from a prejudice which has descend- 
ed to us from the Greek Philofophers. The notion of 
four elements, which by the variety of their propor- 
tions, compofe all the known fubflances in nature, is 
a mere hypothefis, aflumed long before the firft prin- 
ciples of experimental philofophy or of chemiftry had 
any exiftence. In thofe days, without poffefling facts, 
they framed fyftems ; while we, who have collected 
facts, feem determined to reject even thefe, when they 
do not agree with our prejudices. The authority of 
thofe fathers of human philofophy ftill carry great 
weight : and there is reafon to fear that it will even bear 
hard upon generations vet to come. 

It is very remarkable, notwithftanding the number 
of philofophical chemifts who have fupported the doc- 
trine of the four elements, that there is not one who 
has no r been led, by the evidence of facts, to admit a 
greater number of elements into their theory. The firft 
chemical authors, after the revival of letters, confidered 
fulphur and fait as elementary fubftances, entering 
into the compofition of a great number of bodies. 

* Now Guy ton. 
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Hence, inflead of four, they admitted the exigence of 
fix elements Beccher aflumed the exift encc of three 
kinds of earth ; from combinations of which, in dif- 
ferent proportions, he fuppofed all the varieties of me- 
tallic fubftances to be produced. Stahl gave a new 
modification to this fyftem : And fucceeding chemifts 
have taken the liberty to make or to imagine changes 
and additions of a fimilar nature. All thefe chemifts 
were carried along by the genius of the age in which 
they lived, being fatisfied with afiertions inflead of 
proofs ; or, at leaft, often admitting as proofs the 
flighted degrees of probability, unfupported by that 
ftri&ly rigorous analyfis which is required by modern 
philofophy. 

All that can be faid upon the number and nature of 
elements is, in my opinion, confined to difcuflions 
entirely of a metaphyfical nature. The fubjett only 
furnifhes us with indefinite problems, which imy be 
folvcd in a thoufand different ways, not one of which, 
in all probability, is confident with nature. I fhall, 
therefore, only add upon this fubject, that if, by the 
term elements, we mean to exprefs thofe fimple and 
indivifible atoms of which matter is compofed, it is ex- 
tremely probable we know nothing at all about them ; 
but if we apply the term elements or principles of bodies , 
to exprefs our idea of the lafl point which analyfis is 
capable of reaching, we muft admit, as elements, all 
the fubftances into which we are able to reduce bodies 
by decompofition. Not that we are entitled to afErm, 
that thefe fubftances which we confider as fimple, may 
not themfelves be compounded of two, or even of a 
greater number of more fimple principles. But fince 
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thefe principles cannot be feparated, or rather fince we 
have not hitherto difcovered the means of feparating 
them, they a£t with regard to us as fimple fubflances, 
and we ought never to fuppofe them compounded untii 
experiment and obfervation have proved them to be fo. 
The foregoing reflections upon the progrefs of che- 
mical ideas naturally apply to the words by which thefe 
ideas are exprefled. Guided by the work which, in 
the year 1787, MefTrs. de Morveau, Berthollet, de 
Fourcroy, and I, compofed upon the Nomenclature of 
Chemiftry, I have endeavoured, as much as poffible, 
to denominate fimple bodies by fimple terms : and I 
was naturally led to name thefe firft. It will be re- 
collected, that we were obliged to retain that name of 
any fubflance by which it had been long known in the 
world, and that in two cafes only we took the liberty 
of making alterations ; firft, in the cafe of thofe which 
were but newly difcovered, and had not yet obtained 
names, or at lead which had been known but for a 
fhort time, and the names of which had not yet receiv- 
ed the fan&ion of the public ; and fecondly, when the 
names which had been adopted, whether by the an- 
cients or the moderns, appeared to us to exprefs evi- 
dently falfe ideas; when they confounded the fubflances, 
to which they were applied, with others poflerfed of 
different, or perhaps oppofite qualities. We made no 
fcruple, in this cafe, of fubftituting other names in 
their room : and the greater number of thefe were bor- 
rowed from the Greek language. We endeavoured 
to frame them in fuch a manner as to exprefs the moft 
general and the moft characleriftic quality of the fub- 
ftances : and this was attended with the additional ad- 

c 
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vantage both of ailifting the memory of beginners, who 
find it difficult to remember a new word which has no 
meaning, and of accuftoming them early to admit no 
word without connecting with it fome determinate idea. 

To thofe bodies which are formed by the union of 
feveral fimple fubftances, we gave new names com- 
pounded in fuch a manner as the nature of the fub- 
flances directed. But, as the number of known double 
combinations is already very confiderable, the only me- 
thod by which we could avoid confufion, was to divide 
thefe into claflcs. In the natural order of ideas, the 
name of the clafs or genus is that which exprefles a 
quality common to a great number of individuals : 
the name of the fpecies, on the contrary, exprefles 
a quality peculiar to certain individuals only. 

Thefe diftin&ions are not, as fome may imagine, 
merely metaphyfical, but are eftablifhed by Nature. 
" A Child," fays the Abbe de Condillac, " is taught 
" to give the name tree to the firft which is pointed out 
" to him. The next tree he fees prefents the fame 
" idea, and he gives it the fame name. This he does 
u likev/ife to a third and a fourth, till at lad the word 
" tree, which he at firft applied to an individual, comes 
" to be employed by him as the name of a clafs or a 
" genus ; it becomes an abftract idea, which compre- 
" hends all tr< es in general. But when he learns that 
" all trees do not ferve the fame purpofe, that they do 
" not all produce the fame kind of fruit, he foon dif- 
" tinguifhes them by fpecific or particular names." 
This is the logic of all the fciences, and is very natu- 
rally applicable to chemiftry. 

The acids, for example, are compounded of two 
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fubftances, which we confider as fimple ; the one con. 
ftitutes acidity, and is common to all acids, and from 
this fubftance the name of the ciafs or the genus ought 
to be taken ; the other is peculiar to each acid, and 
diftinguifhes it from the reft, and from this fubftance 
is to be taken the name of the fpecies. But, in the 
greater number of acids, thefe two conltituent ele- 
ments, the acidifying principle, and that which it acid- 
ifies, may exift in different proportions, conftituting 
all the poffible points of equilibrium or of faturation. 
This is the cafe in the fulphur/V and the fulphuroa* 
acids ; and thefe two ftates of the fame acid we have 
marked by varying the termination of the fpecific 
name. 

Metallic fubftances which have been expofed to the 
joint a&ion of the air and of fire, lofe their metallic 
luftre, increafe in weight, and affume an earthy ap- 
pearance. In this ftate, like the acids, they are com- 
pounded of a principle which is common to all, and of 
one which is peculiar to each. In the fame way, there- 
fore, we have thought proper to clafs them under a ge- 
neric name, derived from the common principle ; for 
which purpofe we have adopted the term oxyd ; and we 
diftinguifh them from each other by the particular 
name of the metal to which each belongs. 

Combuftible fubftances, which in acids and metallic 
oxyds are fpecific and particular principles, are capable 
of becoming, in their turn, common principles of a 
great number of compounds. The fulphurous com- 
binations have been long the only known ones in this 
kind : Now, however, we know, from the experiments 
of MefTrs. Vandermonde, Monge, and Berthollet, that 
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carbon may be combined with iron, and perhaps with 
feveral other metals ; and that, from this combination, 
according to the proportions, may be produced fteel, 
plumbago, &c. We know likewil'e, from the experi- 
ments of M. Pelletier, that phofphorus may be com- 
bined with a great number of metallic fubflances. 
Thefe different combinations we have claffed under 
generic names taken from the common fubflance, with 
a termination which marks the analogy, fpecifying 
them by another name taken from that fubflance which 
is proper to each. 

The nomenclature of bodies compounded of three 
fimple fubflances was attended with flill greater diffi- 
culty ; not only on account of their number, but par- 
ticularly, becaufe we cannot exprefs the nature of their 
conflituent principles without employing more com- 
pound names. In the bodies which form this clafs, 
fuch as the neutral falts, for inflance, we had to confi- 
der, ifl, The acidifying principle which is common to 
them all ; 2d, The acidifiable principle which confti- 
tutes their peculiar acid ; 3d, The faline, earthy, or 
metallic bafis, which determines the particular fpecies 
of fait. Here we derived the name of each clafs of falts 
from the name of the acidifiable principle common to 
all the individuals of that clafs ; and diftinguifhed each 
fpecies by the name of its peculiar faline, earthy, or 
metallic bafis. 

A fait, though compounded of the fame three prin- 
ciples, may, neverthelefs, by the mere difference of 
their proportion, be in three different flates of fatura- 
tion. The romenclafure we have adopted would have 
been defective, had it not exprefTed thefe different 
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dates ; and this we attained chiefly by changes of ter- 
mination uniformly applied to the fame flate of the dif- 
ferent falts. 

In fhort, we have advanced fo far, that from the 
name alone may be inflantly found what the combui- 
tible fubftance is which enters into any combination ; 
whether that combuftible fubftance be c6mbined with 
the acidifying principle, and in what proportion ; what 
is the ftate of the acid ; with what bafis it is united : 
whether the faturation be exact, or whether the acid or 
the bafis be in excefs. 

It may eafily be fuppofed that it was not poflible to 
attain all thefe different objects without departing, in 
fome inftances, from eftablifhed cuftom, and adopting 
terms which, at firft fight, may appear uncouth and 
barbarous. But we confidered that the ear is foon ha- 
bituated to new words, efpecially when they are con- 
nected with a general and rational fyftem. The names, 
befides, which were formerly employed, fuch as pow- 
der of algaroth >, fait of alembroth, pompholix, phagadcnic 
water, turbith mineral, colcothar, and many others, were 
neither lefs barbarous nor lefs uncommon. It required 
a great deal of practice, and no fmall degree of mem- 
ory, to recollect the fubftances to which they were ap- 
plied ; much more to recollect the genus of combi- 
nation to which they belonged. The names of oil of 
tartar per diliquium, oil of vitriol, butter of arfenic, and of 
antimony, flowers of zinc, &c. were ftill more improper, 
becaufe they fuggefted falfe ideas ; for, in the wholev 
mineral kingdom, and particularly in the metallic clafs, 
there exifts no fuch thing as butters, oils, or flowers ; in 
fhort, the fubftances to which thefe fallacious names 
were given, are rank poifons. 



XXVI PREFACE. 



When we publifhed our eflay on the Nomenclature 
of Chemiftry, we were reproached for having changed 
the language which was fpoken by our matters, which 
they (lamped with their authority, and have handed 
down to us. But thofe who reproach us on this ac- 
count, have forgotten that Bergman and Macquer urg- 
ed us to make this reformation : In a letter which the 
learned Profeffor of Upfal, M. Bergman, wrote, a fhort 
time before he died, to Mr. Morveau, he bids him /pare 
no improper names ; thofe who are learned will always 
be learned^ and thofe who are ignorant will thus learn 
fooner. 

There is an objection to this work, which is perhaps 
better founded ; that I have given no account of the 
opinions of thofe who have gone before me, and have 
only ftated my own, without examining thofe of others. 
By this I have been prevented from doing that juftice 
to my aflbciates, and more efpecially to foreign che- 
mifls, which I wifhed to render them. But I befeech 
the reader to confider, that, if I had filled an element- 
ary work with a multitude of quotations, if I had allow- 
ed myfelf to enter into long difTertations on the hiftory 
of the fcience, and the works of thofe who have ftudi- 
ed it, I muft have loft fight of the true object I had in 
view, and mould have produced a work extremely 
tirefome to beginners. 

It is not the hiftory of the fcience, or of the human 
mind, that we are to attempt in an elementary treatife. 
Our only aim mould be eafe and perfpicuity, and with 
the utmoft care to keep every thing out of view which 
may draw afide the attention of the fludent. It is a 
road which we fhould be continually rendering more 
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fmooth, and from which we mufl endeavour to remove 
every obltacle which can occafion delay. The fciences, 
from their own nature, prefent a fufficient number of 
difficulties, though we add not thofe which are foreign. 
But, befides this, chemifts will eafily perceive, that, in 
the firil part of my work, I make very little ufe of any 
experiments but thofe which were made by myfelf. If at 
any time I have adopted, without acknowledgment, the 
experiments or the opinions of M. Berthollet, M. Four- 
croy, ML de la Place, M. Monge, or, in general, of any 
of thofe whofe principles are the fame with my own, it 
is owing to this circumftance, that frequent intercourfe, 
and the habit of communicating our ideas, our obferva- 
tions, and our ways of thinking to each other, has efta- 
blifhed. between us a fort of community of opinions, in 
which it is often difficult for every one to know his 
own. 

Thefe remarks on the order, which I thought myfelf 
obliged to follow in the arrangement of proofs and ideas, 
are to be applied only to the firft part of this work. It 
is the only one which contains the general fum of the 
doctrine I have adopted, and to which I wifhed to give 
a form completely elementary. 

The fecond part is compofed chiefly of tables of the 
nomenclature of the neutral falts. To thefe I have only 
added general explanations, the object of which is to 
point out the mod fimple procefles for obtaining the 
different kinds of known acids. This part contains 
nothing which I can call my own, and prefents only a 
very fhort abridgment of the refults of thefe procefles, 
extracted from the works of different authors. 

In the third part,.! have given a defcription, in dc- 



YXV111 PREFACE. 

tail, of all the operations connected with modern che- 
miftry. I have long thought that a work of this kind 
was much wanted, and I am convinced it will not be 
without its uie. The method of performing experi- 
ments, and particularly thofe of modern chemiftry, is 
not fo generally known as it ought to be ; and had I, in 
the different memoirs which I have prefented to the 
Acaijemy, been more particular in the detail of the 
manipulations of my experiments, it is probable I 
fhouldhave made myfelf better underftood, and the 
faience might have made a more rapid progrefs. The 
order for the different matters contained in this third 
part appears to me almofl arbitrary ; and the only one 
i have obferved is to clafs together, in each of the chap- 
ters of which it is compofed, thofe operations which are 
mod connected with one another. I need hardly men- 
tion, that this part could not be borrowed from any 
other work, and that, in the principal articles it con- 
tains, I could not derive afTiflance from any thing but 
the experiments which I had made myfelf. 

I fliall conclude this preface by tranfcribing, literally, 
fome obfervations of the Abbe de Condillac, which I 
think defcribe, with a good deal of truth, the date of 
Chemiftry at a period not far diflant from our own. 
Thefe obfervations were made on a different fubject -, 
but they will not on this account, have lefs force, if the 
application of them be juft. 

" Inftead of applying obfervation to the things we 
" wifhed to know, we have chofen rather to imagine 
" them. Advancing from one ill-founded fuppofition 
" to another, we have at lafl bewildered ourfelves amid 
ft a multitude of errors. Thefe errors, becoming pre- 
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f e judices, are, of courfe, adopted as principles, and we 
" thus bewilder ourfelves more and more. The me- 
" thod, too, by which we conduct our reafonings is 
" abfurd ; we abufe words which we do not under- 
" (land, and call this the art of reafoning. When 
" matters have been brought this length, when errors 
" have been thus accumulated, there is but one reme- 
" dy, by which order can be reflored to the faculty of 
" thinking ; this is, to forget all that we have learned, 
" to trace back our ideas to their fource, to follow the 
" train in which they rife, and, as Lord Bacon fays, to 
n frame the human understanding anew. 

" This remedy becomes the more difficult, in pro- 
" portion as we think ourfelves the more learned. 
" Might it not be thought that works which treat 
" of the fciences with the utmoft perfpicuity, and with 
" the greatefl order and precifion, muft be understood 
" by every body ? The fact is, thofe who have never 
" ftudied any thing will underftand them better than 
" thofe who have ftudied a great deal, and efpecially 
" than thofe who have written a great deal." 

In another place the Abbe Condillac adds : " But, 
" notwithflanding, the fciences have improved, becaufe 
ei philofophers have applied themfelves with more at- 
" tention than formerly to obferve Nature, and have 
" communicated to their language that precifion and ac- 
" curacy which they have employed in their obferva- 
" tions. — By correcting their language they have rea- 
" foned better.'* 
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PART I. 

Of the Formation and Decompofition of Aeriform 
Fluids of the Combuftion of Simple Bodies— and 
of the Formation of Acids. 



CHAPTER I. 

Of the Combinations of Caloric, and the Formation of 
Elajlic Aeriform Fluids. 

THAT every body, whether folid or fluid, is aug- 
mented in all its dimenfions by any increafe of its 
fenfible heat, was long ago fully eftablifhed as a phyfi- 
cal axiom, or univerfal propofition, by the celebrated 
Boerhaave. Such facts as have been adduced, for con- 
troverting the generality of this principle, offer only 
fallacious refults, or, at lead, fuch as are fo complicat- 
ed with foreign circumftances, as to miflead the judg- 
ment. But, when we feparately confider the effects, 

E 
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fo as to deduce each from the caufe to which they fe- 
parately belong, it is eafy to perceive, that the repara- 
tion of particles by heat is a conftant and general law 
of nature. 

When we have heated a folid body to a certain de- 
gree, and have thereby caufed its particles to feparate 
from each other, if we allow the body to cool, its parti- 
cles again approach each other in the fame proportion 
in which they were feparated by the increafed tempe- 
rature ; the body returns by the fame degrees of ex- 
panfion through which it before extended ; and, if 
brought back to the fame temperature which it poffef- 
ed at the commencement of the experiment, it recovers 
exactly the fame dimenfions which it formerly occu- 
pied. We are Mill very far from being able to produce 
the degree of abfolute cold, or total deprivation of heat, 
being unacquainted with any degree of coldnefs which 
we cannot fuppofe capable of Mill farther augmentation. 
Hence it follows, that we are incapable of caufing the 
ultimate particles of bodies to approach each other as 
near as poflible, and that thefe particles of bodies do 
not touch each other in any ftate hitherto known. 
Though this be a very fingular conclufion it is im- 
poflible to be denied. 

It may be fuppofed, that, fmce the particles of bodies 
are thus continually impelled by heat to feparate from 
each other, they would have no connection between 
themfelves ; and that, of confequence, there could be 
no folidity in nature, unlefs thefe particles were held 
together by fome -other power which tended to unite 
them, and, fo to fpeak, to chain them together : This 
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power, whatever be its caufe, or manner of operation, 
is named Attraction. 

Thus the particles of all bodies may be confidered as 
fubject to the action of two oppofite powers, Repulfion 
andAttraction,between which they remain in equilibrio. 
So long as the attractive force remains flronger, the 
body muft continue in a ftate of folidity : but if, on 
the contrary, heat has fo far removed thefe particles 
from each other, as to place them beyond the fphere of 
attraction, they lofe the cohefion they before had with 
each other, and the body ceafes to be folid. 

Water gives us a regular and conftant example of 
thefe facts. Whilft its temperature is below 3 2° of 
Fahrenheit's fcale*, it remains folid, and is called ice. 
Above that degree of temperature, its particles being- 
no longer held together by reciprocal attraction, it be- 
comes liquid ; and, when we raife its temperature 
above 212 , its particles, giving way to the repulfion 
caufed by the heat, affume the ftate of vapour or gas, 
and the water is changed into an aeriform fluid. 

The fame may be affirmed of all bodies in nature : 
They are either folid, or liquid, or in the ftate of elaf- 
tic aeriform vapour, according to the proportion which 
takes place between the attractive force inherent in 
their particles,and the repulfive power of the heat acting 
upon thefe ; or, what amounts to the fame thing, in 
proportion to the degrees of heat to which they are 
expofed. 



* Whenever the degree of heat occurs in the original, it is ftated by the au- 
thor according to Reaumur's thermometer; but the tranflator has thought it 
more convenient to ufe Fahrenheit's fcale ; as more generally employed and un- 
derftood in Britain, — T. 
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It is difficult to comprehend thefe phenomena, with- 
out admitting them as the effects of a real and material 
fubftance, or very fubtile fluid, which, infinuating it- 
felf between the particles of bodies, fcparates them 
from each other. Even allowing that the exiftence of 
this fluid may be hypothetical, we fliall fee in the fe- 
quel, that it explains the phenomena of nature in a 
Aery fatisfactory manner. 

This fubftance, whatever it is, being the caufe of 
heat, or,_ in other words, the fenfation which we call 
warmth being caufed by the accumulation of this fub- 
ftance, we cannot, in ft.rict language, diftinguifli it by 
the term heat, becaufe the fame name would then very 
improperly exprefs both caufe and effect. For this 
reafon, in the memoir which I publifhed in 1777*, I 
gave it the names of igneous fluid, and matter of heat : 
And, fmce that time, in the work f publifhed by Mr. 
de Morveau, Mr. Berthollet, Mr. de Fourcroy, and 
myfelf, upon the reformation of chemical nomencla- 
ture, we thought it neceffary to reject, all periphraftic 
expreflions, which both lengthen phyfical language, 
and render it lefs diftinct, and which even frequently 
do not convey fufEciently juft ideas of the object; in- 
tended. Wherefore, we have diftinguifhed the caufe 
of heat, or that exquifitely elaftic fluid which produces 
it, by the term of caloric. Befides that this expreffion 
fulfils our object in the fyftem which we have adopted, 
it poneflfes this farther advantage, that it accords with 
every fpecies of opinion ; fmce, ilrictly fpeaking, we 

* Collections of the French Academy of Sciences for that year, p. 42c. 
i- New Chemical Nomenclature. 
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are not obliged to r uppofe this to be a real fubftance, it 
being fufficient, as will more clearly appear in the fe- 
quel of this work, that it be confidered as the repulfive 
caufe, whatever that may be, which feparates the parti- 
cles of matter from each other ; fo that we are ftill at 
liberty to inveftigate its effects in an abftract and mathe- 
matical manner. 

In the prefent ftate of our knowledge, we are unable 
to determine whether light be a modification of caloric, 
or if caloric be, on the contrary, a modification of light. 
This, however, is indifputable, that in a fyftem where 
only decided facts are admiflible, and where we avoid, 
as far as poffible, to fuppofe any thing to be, that is 
not really known to exift, we ought provifionally to 
diftinguifh, by diftinct terms, fuch things as are 
known to produce different effects. We therefore dif- 
tinguifh light from caloric ; though we do not therefore 
deny that thefe have certain qualities in common, and 
that, in certain circumflances, they combine with other 
bodies almoft in the fame manner, and produce, in part, 
the fame effects. 

What I have already faid, may fuffice to determine 
the idea affixed to the word caloric ; but there remains 
a more difficult attempt, which is, to give a jufl concep- 
tion of the manner in which caloric acts upon other 
bodies. Since this fubtile matter penetrates through 
the pores of all known fubftances ; fince there are no 
veffels through which it cannot efcape ; and, confe- 
I quently, as there are none which are capable of re- 
taining it, we can only come at the knowledge of its 
properties by effects which are fleeting and difficultly 
afcertainable. It is in thofe things which we neither 
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fee nor feel, that it is efpecially ncceflary to guard 
againft the extravagancy of our imagination, which 
forever inclines to ftep beyond the bounds of truth, 
and is very difficultly retrained within the narrow 
limits of fact. 

We have already feen, that the fame body becomes 
folid, or fluid, or aeriform, according to the quantity 
of caloric by which it is penetrated ; or, more ftrictly, 
according as the repulfive force exerted by the caloric 
is equal to, ftronger, or weaker, than the attraction 
of the particles of the body it ads upon. 

But, if thefe two powers only exifted, bodies would 
become liquid at an indivifible degree of the thermom- 
eter, and would almoft inftantaneoufly pafs from the 
folid date of aggregation to that of aeriform elafticity. 
Thus water, for initance, at the very inftant when it 
ceafes to be ice, would begin to boil, and would be 
transformed into an aeriform fluid, having its particles 
fcattered indefinitely throughout the furrounding fpace. 
That this does not happen, muft depend upon the 
action of fome third power : The Preflfure of the At- 
mofphere prevents this feparation, and caufes the wa- 
ter to remain in the liquid Mate until raifed to the tem- 
perature indicated by 2 1 2° on the fcale of Fahrenheit's 
thermometer ; the quantity of caloric which it receives 
in the lower temperatures being infufficient to over- 
come the prefiure of the atmofphere. 

Whence it appears, that, without this atmofpheric 
preflure, we mould not have any permanent liquid, 
and mould only fee bodies in that (late of exiltence in 
the very inftant of melting ; for the fmalleft additional 
caloric would then inflantly feparate their particles, 
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and diflipate them through the furrounding medium. 
Befides, without this atmofpheric preflure, we mould 
not even have any proper aeriform fluids ; becaufe 
the moment the force of attraction is overcome by the 
repulfive power of the caloric, the particles of bodies 
would feparate themfelves indefinitely, having nothing 
to give limits to their expanfion, unlefs their own gra- 
vity might colled them together, fo as to form an at- 
mofphere. 

Simple reflection, upon the moft common experi- 
ments, is fufficient to evince the truth of thefe pofitions. 
They are more particularly proved by the following 
experiment, which I publifhed in the Memoirs of the 
French Academy of Sciences for 1777, p. 426. 

Having filled with Sulphuric Ether* a fmall narrow 
glafs veflel, A, (Plate 7, Fig. 17) (landing upon its 
ftalk P ; the veflel, which is from twelve to fifteen 
lines diameter, is covered with a wet bladder, tied 
round its neck with feveral turns of ftrong thread ; 
for greater fecurity, a fecond bladder is fixed over the 
firft. The veflel fhould be filled in fuch a manner 
with the ether, as not to leave the fmalleft portion of 
air between the liquor and the bladder. It is now 
placed under the recipient BCD of an air-pump, of 
which the upper part B is fitted with a leathern collar, 
through which pafles a wire EF, having its point F 
very fharp ; and in the fame receiver there is placed 
the barometer GH. The whole being thus difpofed, 

* I fhall afterwards give a definition, and explain the properties, of the li- 
quor called Ether ; I (hnll therefore only prcmifc here, that it is a very volatile 
and highly inflammable liquor, having a conGderably fmallcr fpecific gravity 
than water, or even fpirit of wine.— A. 



44 ELEMENTS OF CHEMISTRY. 

let the recipient be exhaufted, and then, by pufhing 
down the wire EF, a hole is made in the bladder: 
Immediately the ether begins to boil with great vio- 
lence, and is changed into an elaftic aeriform fluid, 
which fills the receiver. If the quantity of ether be 
fufficient to leave a few drops in the phial after the 
evaporation is finifhed, the elaflic fluid produced will 
fuftain the mercury in the barometer attached to the 
air-pump, at eight or ten inches in winter, and froni 
twenty to twenty-five in fummer*. To render this 
experiment more complete, we may introduce a fmall 
thermometer into the phial A, containing the ether, 
which will be found to defcend confiderably during 
the evaporation. 

The only effect, produced in this experiment is, the 
taking away the weight of the atmofphere, which, in 
its ordinary ftate, preffes on the furface of the ether ; 
and the effects refulting from this removal evidently 
prove, that, in the ordinary temperature of the earth, 
ether would always exift in an aeriform ftate, but for 
the preflure of the atmofphere, and that the change of 
the ether from the liquid to the aeriform ftate is ac- 
companied by a confiderable diminution of tempera- 
ture ; becaufe, during the evaporation, a part of the 
caloric, which was before in a free ftate, or at leaft in 
equilibrio f in the furrounding bodies, combines with 
the ether, and caufes it to affume the aeriform ftate. 



* It would have been more fatisfactory if the author hid fpecificd the de- 
grees of the thermometer at which th.fe heights of the mercury in the barom- 
eter are produced. — T. 

f I (hould rather fuppofe, according to Mr. Lavoifier's own principles, that 
the evaporation is produced in ctnfequer.ee of the equilibrium betwern the 
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The fame experiment fucceeds with all evaporable 
fluids, fuch as alkohol, water, and even mercury ; 
with this difference, that the atmofphere, formed in the 
receiver by alkohol, only fupports the attached barom- 
eter about one inch in winter, and about four or five 
inches in fummer ; that formed by water, in the lame 
fituation, raifes the mercury only a few lines ; and that 
produced by quickfilver raifes it but a few fractions of 
a line. There is therefore lefs fluid evaporated from 
alcohol than from ether, lefs from water than from al- 
cohol, and ftill lefs from mercury than from either ; 
confequently there is lefs caloric employed, and lefs 
cold produced, which quadrates exactly with the re- 
f ults of thefe experiments. 

Another fpecies of experiment proves very evident- 
ly, that the aeriform Mate is a modification of bodies 
dependent on the degree of temperature, and on the 
preffure which thefe bodies undergo. In a Memoir 
read by Mr. de la Place and myfelf to the Academy in 
1777, which has not been printed, we have fhewn 
that, when ether is fubje&ed to a preffure equal to 
twenty-eight inches of the barometer, or about the me- 
dium preffure of the atmofphere, it boils at the tem- 
perature of about 104 , or 106. 25 of the thermome- 
ter. Mr. de Luc, who has made fimilar experiments 
with fpirit of wine, finds it to boil at 1 82. 75 : And 
it is well known that water boils at 212 . Now, boil- 
ing being only the evaporation of a liquid, or the mo- 
ment of its palling from the fluid to an aeriform ftate, it 
is evident that, if we keep ether continually at or above 

rcpulfive force of the caloric contained in the ether, and the refinance to cxp".n- 
A by the at:nofr>h"-ric rrrffure being removed 

F 
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the temperature of 106.25 and under the common 
preffure of the atmofphere, we mall have it always in 
an elaftic aeriform Rate ; and that the fame thing will 
happen with alcohol when above 182.75% and with 
water when above 21 2 ; all which are perfectly con- 
formable to the following experiment '". 

I filled a large veffel ABCD (Plate VII. Fig. 15.) 
with water, at 1 10.75 , or x ! 3° '• * fuppofe the veffel 
tranfparent, that we may fee what takes place in the 
experiment ; and we can eafily hold the hands in wa- 
ter at that temperature without inconvenience. Into 
this veffel I plunged fome narrow-necked bottles F, G, 
filled with the water and turned up, fo as to reft on 
their mouths on the bottom of the veffel. Having next 
put fome ether into a very fmall matrafs, with its neck, 
a b c, twice bent as in the plate, I plunged this matrafs 
into the water, having its neck inferted into the mouth 
of one of the bottles F. Immediately on feeling the 
effects of the heat, communicated to it by the water in 
the veffel ABCD, the ether began to boil, and the 
caloric, entering into combination with it, changed it 
into an elaftic aeriform fluid, with which I fdled feveral 
bottles fucceffively, F, G, &c. 

This is not the place to enter upon the examination 
of tlv nature and properties of this aeriform fluid, 
which is extremely. inflammable; but, confining my- 
felf to the object at prefent in view, without anticipating 
circumftar.ces, which I am not to fuppofe the reader 
to know, I fhall only obferve, that the ether, from 
this experiment, is almoft only capable of exifting in 

' Vide mcutftin of the French Academy, anno 17S0, p. 335.- 
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the aeriform date in our ufual temperatures ; for, if 
the weight of our atmofphere was only equal to be- 
tween 20 and 24 inches of the barometer, inftead of 
28 inches, we fhould never be able to obtain ether in 
the liquid ftate, at lead in fummer. The preparation 
of ether would confequently be impoflible upon moun- 
tains of a moderate degree of elevation, as it would be 
converted into gas immediately upon being produced, 
unlefs we employed recipients of extraordinary ilrength. 
aflifted by refrigeration and compreffion. And, laftly, 
the temperature of the blood being nearly that at 
which ether paflfes from the liquid to the aeriform ftate, 
it mud evaporate in the primal vise, and confequently it 
is very probable that the medical properties of this fluid 
depend chiefly upon its mechanical eff 

Thefe experiments fucceed better with nitrous ether, 
becaufe it evaporates in a lower temperature than ful- 
phuric ether. It is more difficult to obtain alcohol in 
the aeriform ftate ; becaufe, as it requires a tempera- 
ture of 1 82. 75 to raife it to vapour, the water of the 
bath mult be almoft boiling, and it is impoflible to 
plunge the hands into it at that temperature. 

It is evident that, if water were ufed in the foregoing- 
experiment, it would be changed into gas, when expo- 
fed to a temperature fuperior to that at which it boils : 
Although thoroughly convinced of this, Mr. de la Place 
and myfelf judged it neceflary to confirm it by the fol- 
lowing direct experiment We filled a glafs-jar, A, 
(Plate VII. Fig. 5.) with mercury, and placed it, with 
its mouth downwards, in a difh, B, likewife filled with 
mercury, and introduced about two drams of water into 
the jar, which rofe to the top of the mercury at CD j 
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we then plunged the whole apparatus into an iron boi- 
ler, EFGH. full of boiling lea-water, of the tempera- 
ture of 223.2(5°, placed upon the furnace GHIK. So 
foon as the water over the mercury reached the tempe- 
rature of 212°, it began to boil ; and inflead of only fil- 
ling the fmall fpace ACD, it was converted into an aeri- 
form fluid, which filled the whole jar ; the mercury 
even defcended below the furface of that in the dim B ; 
and the jar mud have been overturned, if it had not 
been very thick and heavy, and fixed to the difh by 
means of iron-wire. Immediately after withdrawing 
the apparatus from the boiler, the vapour in the jar be- 
gan to condenfe, and the mercury rofe to its former 
ftation ; but the water returned again to the aeriform 
ftate in a few feconds after replacing the apparatus in 
the boiler. 

We have thus a certain number of fubftances which 
are convertible into elaftic aeriform fluids, by degrees 
of temperature not much fuperior to that of our atmof- 
ph£re. We fhall afterwards find that there are feveral 
others which undergo the fame change in fimilar cir- 
cumftances, iuch as muriatic or marine acid, ammo- 
niac or volatile alkali, the carbonic acid or fixed air, 
the fulphurous acid, &c. All thefe are permanently 
elaftic in or about the mean temperature of the atmof- 
phere, and under its common preflure. 

All thefe facts, which could be eafily multiplied, if 
neceffary, give full right to a flume, as a general prin- 
ciple, that almoft every bo^y in nature is fufceptible of 
three feveral ftates of exiftence, folid, liquid, and aeri- 
form ; and that thefe three dates of exiftence depend 
upon the quantity of caloric combined with the body. 
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Henceforward I fhall exprefs thefe elaftic aeriform flu- 
ids by the generic term gas ; and in each fpecies of gas 
I (hall diftinguifh between the caloric, which in fomc 
meafure ferves the purpofe of a folvent, and the fub- 
flance, which, in combination with the caloric, forms 
the bafe of the gas. 

To thefe bafes of the different gafes, which are hi- 
therto but little known, we have been obliged to affign 
names : Thefe fhall be enumerated in Chap. IV. of 
this work, when I have previoufly given an account of 
the phenomena attendant upon the heating and cool- 
ing of bodies, and when I have eftablifhed precife 
ideas concerning the compofition of our atmofphere. 

We have already fhewn, that the particles of every 
fubflance in nature exifl in a certain (late of equi- 
librium, between that attraction which tends to unite 
and keep the par-ticles together, and the effects of the 
caloric which tends to feparate them. Hence, caloric: 
not only furrounds the particles of all bodies on every 
fide, but fills up every interval which the particles of 
bodies leave between each other. We may form an 
idea of this, by fuppofmg a veffel filled with fmall fphe- 
rical leaden bullets, among which a quantity of fine 
fand is poured ; this, infinuating itfelf into the intervals 
between the bullets, will fill up every void. The balls, 
in this comparifon, are to the fand which furrounds 
them exactly in the fame fituation as the particles of 
bodies are with refpect to the caloric ; with this differ- 
ence only, that the balls are fuppofed to touch each, 
other, whereas the particles of bodies are not in con- 
tact, being retained at a fmall diftance from each other 
by the caloric. 
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If, inflead of fpherical balls, we fubftitute folid bo- 
dies of a hexahedral, oftohedral, or any other regular 
figure, the capacity of the intervals between them will 
be leaned, and confequently will no longer contain 
the fame quantity of fand. The fame thing takes place 
with refpeft to natural bodies ; the intervals left be- 
tween their particles are not of equal capacity, but 
vary in confequence of the different figures and mag- 
nitude of their particles, and of the dHtance at which 
thefe particles arc maintained, according to the ex- 
ifling proportion between their inherent attraction, 
and the repulfive force exerted upon them by the ca- 
loric. 

In this manner we muft underfiand the following 
expreflion, introduced by the Englifh philofophers, 
who have given us the firft precife ideas upon this fub- 
jedl ; the capacity of bodies for containing the matter of 
heat. As comparifons with - fenfible objects are of 
great ufe in aflifling us to form diftinct. notions of ab- 
ftract ideas, I fliall endeavour to illuftrate this, by iri- 
flancing the phenomena which take place between 
water and bodies which are wetted and penetrated by it, 
with a few reflections. 

If equal pieces of different kinds of wood, fuppofe 
cubes of one foot each, be immerfed in water, the 
fluid gradually infmuates itfelf into their pores, and 
the pieces of wood are augmented both in weight and 
magnitude : Each fpecies of wood will imbibe a differ- 
ent quantity of water ; the lighter and more porous 
woods will admit a larger, the compact and clofer 
grained will admit a lefs quantity ; for the proportional 
quantities of water, imbibed by the pieces, will depend 
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upon the nature of the conftituent. particles of the 
wood, and "upon the greater or lefs affinity fubfifting 
between them and water : Very refinous wood, for 
inflance, though it may be at the fame time very por- 
ous, will admit but little water. We may therefore 
fay, that different kinds of wood poffefs different capa- 
cities for receiving water ; and we may even determine, 
by means of the augmentation of their weights, what 
quantity of water they have actually abforbed ; but, as 
we are ignorant how much water they contained pre- 
vious to immerfion, we cannot determine the abfolute 
quantity they contain after being taken out of the 
water. 

The fame circumflances undoubtedly take place 
with bodies that are immerfed in caloric ; taking into 
confideration, however, that water is an incomprefli- 
ble fluid, whereas caloric is, on the contrary, endowed 
with very great elaflicity ; or, in other words, the par- 
ticles of caloric have a great tendency to feparate from 
each other, when forced by any other power to ap- 
proach ; this difference muff of neceffity occafion verv 
confiderable diverfities in the refults of experiments 
made upon thefe two fubftances. 

Having eftablifhed thefe clear and fimple propofi- 
tions, it will be very eafy to explain the ideas which 
ought to be affixed to the following exprefiions, which 
are by no means fynonimous, but poffefs each a (trier. 
and determinate meaning, as in the following defini- 
tions : 

Free Caloric, is that which is not combined in any 
manner with any other body. But, as we live in a fyf- 
tem to the matter of which caloric has a verv flrong 
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ridhefion, we are never able to obtain it in the Mate of 
abfolute freedom. 

Combined caloric, is that which is fixed in bodies, by 
affinity or elective attraction, fo as to form part of the 
iubftance of the body, even part of its folidity. 

By the exprefiion fpeci/ic caloric of bodies, we under- 
hand the respective quantities of caloric requifite oi- 
ling a number of bodies of the fame weight to an 
,-qual degree of temperature. This proportional quan- 
ity of caloric depends on the diftance between the 
constituent particles of bodies, and their greater or lefs 
degrees of cohefion ; and this diftance, or rather the 
fpace or void refulting from it, is, as I have already 
obferved, called the capacity of bodies for containing ca- 
loric. 

Heat, confuiered as a fenfation, or, in other words, 
fenfible heat, is only the effect produced upon our fen- 
tient organs, by the motion or paffage of caloric, difen- 
gaged from the furrounding bodies. In general, we 
receive impreflions only in confequence of motion, and 
it might be eftablimed as an axiom, That without 
motion there is no sensation. This general 
principle applies very accurately to the fenfations of 
heat and cold : When we touch a cold body, the 
caloric, which always tends to become in equilibrio 
in all bodies, paffes from our hand into the body we 
touch, which gives us the feeling or fenfation of cold. 
The direct contrary happens when we touch a warm 
body ; the caloric, then, in pafling from the body into 
our hand, produces the fenfation of heat. If the hand 
and the body touched be of the fame temperature, or 
very nearly fo, we receive no imprefTion, either of 
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heat or cold, becaufe there is no motion or paflage of 
caloric ; and thus no fenfation can take place, without 
fome correfpondent motion to occafion it. 

When the thermometer rifes, it (hows, that free ca- 
loric is entering into the furrounding bodies : The 
thermometer, which is one of thefe, receives its fhare 
in proportion to its mafs, and to the capacity which it 
poflefTes for containing caloric. The change, there- 
fore, which takes place upon the thermometer, only 
announces a change of place of the caloric in thofe 
bodies, of which the thermometer forms one part ; it 
only indicates the portion of caloric received, without 
being a meafure of the whole quantity difengaged, dif- 
placed, or abforbed. 

The moft fimple and moll exact method for deter- 
mining this latter point, is that defcribed by Mr. de la 
Place, in the Memoirs of the Academy, for the year 
1780, p. 364 ; a fummary explanation of which will 
be found towards the conclufion of this work. This 
method confifts in placing a body, or a combination of 
bodies, from which caloric is difengaging, in the mid- 
dle of a hollow fphere of ice ; and the quantity of ice 
melted becomes an exact, relative meafure of the quan- 
tity of caloric difengaged. It is poffible, by means 
of the apparatus which we have got conftructed upon 
this plan, to determine, not as has been pretended, the 
capacity of bodies for containing heat, but the ratio of 
the increafe or diminution of capacity produced by de- 
terminate degrees of temperature. It is eafy, with the 
fame apparatus, by varioufly combined experiments, to 
determine the relative quantities of caloric necefTary 
for converting folid fubftances into liquids, and liquids 
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into elaftic aeriform fluids ; and vice verfd, what quan- 
tity of caloric efcapes from elaftic vapours in changing 
to liquids, and what quantity efcapes from liquids dur- 
ing their converfion into folids. Perhaps, when expe- 
riments fliall have been made with fufficient accuracy, 
we may one day be able to determine the proportional 
quantities of caloric ncceflary for producing the feve- 
ral fpecies of gafes. I fliall hereafter, in a feparatc 
chapter, give an account of the principal refults of 
fuch experiments as have been made upon this head. 

It remains, before finifhing this article, to fay a few 
words concerning the caufe of the elafticity of gafes, 
and of liquids in the ftate of vapour. It is by no means 
difficult to perceive that this elafticity depends upon 
that of caloric, which feems to be the moft eminently 
elaftic body in nature. Nothing is more readily con- 
ceivable, than that one body mould become elaftic, by 
entering into combination with another body poffefied 
of that quality. We muft allow that this is only an 
explanation of elafticity, by an aflumption of elafticity ; 
we thus only remove the difficulty one ftep farther, 
and the reafon for caloric being elaftic ftill remains 
unexplained. Elafticity in the abftract is merely a fup- 
pofable quality inherent in the particles of bodies, by 
virtue of which they recede from each other when for- 
ced together. This tendency in the particles of calo- 
ric to feparate, takes place even at confiderable diftan- 
ces. We fhall be fatislied of this, when we confider 
that air is capable of undergoing great compreffion, 
which fuppofes that its particl s were previoufly at a 
confiderable diftance from each other ; for the power 
of approaching together certainly fuppofes a previous 
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diftance, at leaft equal to the degree of approximation : 
Confequently thofe particles of the air, which are al- 
ready confiderably diflant from each other, tend to ie- 
parate flill farther. If we produce Boyle's vacuum in a 
large receiver of an air-pump, the laft portion of air 
which remains extends itfelf uniformly through the 
whole capacity of the veffel, however large, filling it 
completely, and prefling every where againft its fides : 
We cannot explain this fact, without fuppofing that the 
particles make an effort to feparate themfelves on every 
• fide ; and we are quite ignorant at what diftance, 
or in what degree of rarefaction, this effort ceafes to 
aft. 

In the above experiments a true repulfion takes 
place between the particles of elaftic fluids ; at leaft, 
circumftances occur exactly as if fuch a repulfion ac- 
tually exifted ; and we have a right to conclude, that 
the particles of caloric mutually repel each other. 
When we are once permitted to fuppofe this repelling 
force, the theory of the formation of gafes, or aeriform 
fluids, becomes perfectly fimple ; though we muft, at 
the fame time, allow, that it is extremely difficult to 
form an accurate conception how this repulfive force 
acts upon very minute particles placed at great diftances 
from each other. 

It is, perhaps, more natural to fuppofe, that the 
particles of caloric have a ftronger mutual attraction 
than thofe of any other fubftance, and that thefe lat- 
ter particles are torn afunder in confequence of this 
fuperior attraction of the particles of caloric, which 
forces them between the particles of other bodies, that 
they may be able to re-unite with each other. We 
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way obferve fomething analogous to this idea in the 
phenomena which occur when a dry fpongc is dipt in 
water : The fponge fwells ; its particles feparate from 
each other ; and all its intervals are filled by the water. 
It is evident that the fponge, in the act of fwelling, 
has acquired a greater capacity * for containing water 
than it had when dry. But we cannot certainly main- 
tain, that the introduction of water between the parti- 
cles of the fponge has endowed them with a repulfive 
power, which tends to feparate them from each other ; 
on the contrary, the whole phenomena are produced 
by means of attractive powers : Thefe are the gravity 
of the water, and the power which it exerts on every 
fide, in common with all other fluids ; The force of 
attraction, which takes place between the particles of 
the water, caufing them to unite together ; The mutual 
attraction of the particles of the fponge for each other ; 
And, The reciprocal attraction which exifls between 
the particles of the fponge ami thofe of the water. It 
is eafy to understand, that the explanation of this fact 
depends upon properly appreciating the intenfity of, 
and connection between, thefe feveral powers. It is 
probable, therefore, that the feparation of the particles 
of bodies, occafioned by caloric, depends in a fimilar 



* This affertion docs not fcem well founded: — That, in the act of fwelling, 
the fpongc receives more water than it held when dry, is very evident; and 
that, in confequence of its fibre* being ftretched, more room is left between 
them, is likewiie trm : But if, by capacity for receiving water, we are to un- 
derhand that quality inherent in the fpongr for imbibing water, in confequence 
of the d'fpofition aid peculiar itrudture of ifs parts, this remains the fame 
wli'ii p rfedlly dr, as when filled completely with moifture; or, if we confider 
it> capacity to indicate its difpofition for receiving additional water, thi mult 
be greateft when perfectly dry, and muft diminifh in proportion as the water 
is received into its interltices. — T. 
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manner upon a certain combination of different attrac- 
tive powers, which, in conformity with the imperfec- 
tion of our knowledge, we endeavour to exprefs by 
faying, that caloric communicates a power of repulfion 
to the particles of bodies. 
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CHAPTER II. 



Genera! Viols concerning the Formation and Compqfition 
of our Atmofphere. 



THESE views which I have taken of the formation 
of elaftic aeriform fluids or gafes, throw great light 
upon the original formation of the atmofpheres of the 
planets, and particularly of that of our earth. We 
readily conceive that it muft neceffarily confift of a 
mixture of the following fubftances : Of all bodies 
that are fufceptible of evaporation, or, more ftrictly 
fpeaking, which are capable of retaining the ftate of 
aeriform elafticity in the temperature of our atmof- 
phere, and under a prefTure equal to that of a column 
of twenty-eight inches of quickfilver in the barometer ; 
and, of all fubftances, whether liquid or folid, which 
are capable of being diffolved in this mixture of dif- 
ferent gafes. 

To fix our ideas more clearly refpecling this fubjecT:, 
which has not been hitherto fufficiently confidered, let 
us, for a moment, conceive what change would take 
pl21.ee in the various fubftances which compofe our earth, 
if its temperature were fuddenly altered. If, for in- 
ftance, we were fuddenly tranfported to the region of 
the planet Mercury, where probably the common tem- 
perature is much fuperior to that of boiling water, the 
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water of our world, and all the other fluids which arc 
fufceptible of the gafeous (late, at a temperature near 
to that of boiling water, even quickfilver itfelf, would 
become rarefied > and all thefe fubftances being chang- 
ed into permanently aeriform fluids or gafes would be- 
come part of the new atmofphere. Thefe new fpecies 
of airs or gafes would mix with thofe already exifting, 
and certain reciprocal decompofitions and new combi- 
nations would take place, until fuch time as all the 
elective attractions or affinities fubfifling among all 
thefe new and old gafeous fubftances had operated 
fully ; after which, the elementary principles com- 
pofing thefe gafes, being faturated, would remain at 
reft. 

We mufl attend to this, however, that, even in the 
above hypothetical fituation, certain bounds would oc- 
cur to the evaporation of thefe fubftances, produced by 
means of that very evaporation itfelf: For as, in pro- 
portion to the increafe of elaftic fluids, the preffure of 
the atmofphere would be augmented ; as every degree 
of preffure tends, in fome meafure, to prevent evapora- 
tion ; and as even the mod evaporable fluids can refift 
the operation of a very high temperature without eva- 
poration, if prevented by a proportionally ftronger 
comprefiion, water and all other liquids being able to 
fuftain a red heat in Papin's digefter \ we muft admit, 
that the new atmofphere would at laft acquire fuch a 
degree of weight, that the water which had not hitherto 
evaporated would ceafe to boil, and, of confequence, 
would remain liquid. Hence, even upon this fuppofi 
tion, as in all others of the fame nature, the increafing 
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gravity of the atmofphere would find certain limits 
which it could not exceed. 

We might extend thefe reflections greatly farther, 
and examine what change would be produced in fuch_ 
fituations upon flones, falts, and the greater part of the 
fufible fubftances which compofe the mafs of our earth. 
Thefe would be foftened, fufed, and changed into li- 
quids, &c. But thefe fpeculations carry me from my 
object, to which I haften to return. 

By a contrary fuppofition to the one we have been 
forming, if the earth were fuddenly tranfported into a 
very cold region, the water, which at prefent compofes 
our feas, rivers, and fprings, and probably the greater 
number of the fluids we are acquainted with, would be 
converted into folid mountains and hard rocks, at firft 
diaphanous and homogeneous, like rock-cryftal, but 
which, in time, becoming mixed with foreign and hete- 
rogeneous fubftances, would become opaque flones of 
various colours. In this cafe, the air, or, at leafl, fome 
of the aeriform fluids which now compofe the mafs of 
our atmofphere, would doubtlefs lofe their elasticity, 
for want of a fufficient temperature to retain them in 
that ftate : They would return to the liquid ftate of ex- 
igence*, and new liquids would be formed, of whofe 
properties we cannot, at prefent, form the moft diftant 
idea. 



Even this fuppofition would have its bounds from its own nature; The 
diminution of preffure, produced by the decreafe in the volume, and confe- 
rment gravity of the atmofphere, would enable caloric to keep many fubftan- 
ces in the vaporous ftate, at a much lower degree of temperature than is fit for 
that purpofe, under the prefent preffure of our atmofphere — T. 
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Thefe two oppofite fuppofitions give a diftinct 
proof of the following corrollaries : That folidtty, li- 
quidity, and aeriform elajlicity, are only three different 
ftates of exiftence of the fame matter, or three parti- 
cular modifications which almoft all fubftances are 
fufceptible of afTuming fucceffively, and which fol.lv 
depend on the degree of temperature to which they 
are expofed ; or, in other words, upon the quantity 
of caloric with which they are penetrated * : That it is 
extremely probable that air is a fluid naturally exift- 
ing in a Mate of vapour ; or, as we may better exprels 
it, that our atmofphere is a compound of all the fluids 
which are fufceptible of the vaporous or permanently 
elaftic flate in the ufual temperature, and under the 
common preffure : That it is not impoflible we may 
difcover, in our atmofphere, certain fubftances natu- 
rally very compact, even metals themfelves ; as a me- 
tallic fubflance, for inftance, only a little more vola- 
tile than mercury, might exifl in that fituation. 

Among the fluids with which we are acquainted, 
fome, as water and alcohol, are fufceptible of mix- 
ing with each other in all proportions ; whereas 
others, as quickfilver, water, and oil, can only form 
a momentary union, and, after being mixed together, 
feparate and arrange themfelves according to their r pe- 
cific gravities. The fame ought to, or at lean: may, 
take place in the atmofphere. It is poffible, and even 
extremely probable, that, both at the firft creation, 
and every day, gafes are formed, which are difficultly 
mifcible with atmofpheric air, and are continually fepa- 

* The degree of preflurc which they undergo muft be taken into account.— T. 

H 
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rating from it. If thefe gafes be fpecifically lighter 
than the general atfnofpheric mafs, they mull, of 
courfe, gather in the higher regions, and form ftrata 
that float upon the common air. The phenomena 
which accompany igneous meteors induce me to be- 
lieve that there exifls, in the upper parts of our atmof- 
phere, a ftratum of inflammable fluid, in contact with 
thole ftrata of air in which the phenomena of the auro- 
ra borealis and other fiery appearances are produced. 
— I mean hereafter to purfue this fubject. in a feparate 
treatife. 
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CHAPTER III. 



Analyfis of Aimofpheric Air, and its Divifion into two 
Elqjlic Fluids ; the one jit for Refpiration ; the other 
incapable of being refpired. 



FROM what has been premifed, it appears, that our 
atmofphereis compofedof a mixture of every fubftance 
capable of retaining the gafeous or aeriform ftate in the 
common temperatures, and under the ufual degrees of 
prefiure which it experiences. Thefe fluids conftitute 
a mafs, in fome meafure homogeneous, extending from 
the furface of the earth to the greatefl height hitherto 
attained, of which the denfity continually decreases in 
the inverfe ratio of the fuperincumbent weight. But, 
as I have before obferved, it is poflible that this firfl 
ftratum may be furmounted by feveral others confiding 
of different fluids- 

Our bufinefs, in this place, is to endeavour to deter- 
mine, by experiments, the nature of the elaftic fluids 
which compofe the inferior flratum of air which we 
inhabit. Modern chemiftry has made great advances 
in this refearch ; and it will appear, by the following 
details, that the analyfis of atmofpherical air has been 
more rigoroufly determined than that of any other fub- 
ftance of the clafs. 

Chemiftry affords two general methods of determin- 
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ing the corJtituent principles of bodies, the method of 
analyfis, and that of fynthefis. When, for inftance, by 
combining water with alcohol, we form the fpecies of 
liquor called, in commercial language, brandy, or fpi- 
ritof wine, we certainly have a right to conclude, that 
brandy, or fpirit of wine, is compofed of alcohol combi- 
ned with water. We can procure the fame refult by 
the analytical method ; and in general it ought to be 
confidered as a principle in chemical fcience, never to 
reft fatisfied without both thefe fpecies of proofs. We 
have this advantage in. the analyfis of atmofpherical 
air ; being able both to decompound it, and to form it 
anew in the moft fatisfa&ory manner. I fhall, how- 
ever, at prefent confine myfelf to recount fuch experi- 
ments as are moft conclufive upon this head ; and I 
may confider moft of thefe as my own, having either 
firft invented them, or having repeated thofe of others, 
intended for analyzing atmofpherical air, in perfectly 
new points of view. 

I took a matrafs of about 36 cubical inches capacity, 
having a long neck of fix or feven lines internal diam- 
eter, and having bent the neck, as in Plate IV, Fig. 2, 
B C DE, to allow of its being placed in the furnace 
M M N N, in fuch a manner that the extremity of its 
neck E might be inferted under a bell-glafs, F G, placed 
in a trough of quickfilver R RSS; I introduced four 
ounces of pure mercury into the matrafs, and, by means 
of afyphon, exhaufted the air in the receiver F G, fo 
as to raife the quickfilver to L L, and I carefully mark- 
ed the height at which it flood, by parting on a flip of 
paper. Having accurately noted the height of the 
thermometer and barometer, I lighted a fire in the fur- 
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nace MMNN, which I kept up almoft continually 
during twelve days, fo as to keep the quickfilver always 
very near its boiling point. Nothing remarkable took 
place during the firft day : The mercury, though not 
boiling, was continually evaporating, and covered the 
interior furface of the veflel with fmall drops, which 
gradually augmenting to a fufficient fize, fell back into 
the mafs at the bottom of the veflel. On the fecond 
day, fmall red particles began to appear on the furface 
of the mercury ; thefe, during the four or five follow- 
ing days, gradually increafed in fize and number, after 
which they ceafed to increafe in either refpecL At the 
end of twelve days, feeing that the calcination of the 
mercury did not at all increafe, I extinguifhed the fire, 
and allowed the vefTels to cool. The bulk of air in the 
body and neck of the matrafs, and in the bell-glafs, 
reduced to a medium of 28 inches of the barometer 
and 54. 5 of the thermometer, at the commencement 
of the experiment was about 50 cubical inches. At 
the end of the experiment the remaining air, reduced 
to the fame medium preffure and temperature, was 
only between 42 and 43 cubical inches ; confequently 
it had loft about k of its bulk. Afterwards, having col- 
lected all the red particles, formed during the experi- 
ment, from the running mercury in which they floated, 
I found thefe to amount to 45 grains. 

I was obliged to repeat this experiment feveral times, 
as it is difficult, in one experiment, both to preferve the 
whole air upon which we operate, and to colled the 
whole of the red particles, or calx of mercury, which 
is formed during the calcination. It will often happen 



66 ELEMENTS OF CHEMISTRY. 

in the fequel, that I fhall, in this manner, give in one 
detail the refults of two or three experiments of the 
fame nature. 

The air which remained after the calcination of the 
mercury in this experiment, and which was reduced to 
f of its former bulk, was no longer fit either for reipi- 
ration or for combuftion : animals being introduced 
into it were fuffocated in a few feconds, and when a 
taper was plunged into it, it was extinguifhed, as if it 
had been immerfed in water. 

In the next place, I took the 45 grains of red matter 
formed during this experiment, which I put into a fmall 
glafs retort, having a proper apparatus for receiving 
fuch liquid or gafeous product, as might be extracted : 
Having applied a fire to the retort in the furnace, I ob- 
served that, in proportion as the red matter became 
heated, the intenfity of its colour augmented. When 
the retort was almoft red hot, the red matter began gra- 
dually to decreafe in bulk, and in a few minutes after 
it difappeared altogether; at the fame time 41 ' grains 
of running mercury were collected in the recipient, and 
7 or 8 cubical inches of elaflic fluid, greatly more 
capable of fupporting both refpiration and combuftion 
than atmofpherical air, were collected in the bell- 
glafs. 

A part of this air being put into a glafs-tube of about 
an inch diameter, mewed the following properties : A 
taper burned in it with a dazzling fplendour ; and char- 
coal, inftead of confuming quietly, as it does in com- 
mon air, burnt with a flame, attended with a decrepitat- 
ing noife, like phofphorus, and threw out fuch a bril- 
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liant light that the eyes could hardly endure it. This 
fpecies of air was discovered almoft at the fame time by 
Dr. Prieftley, Mr Scheele, and myfelf. Dr. Prieftley 
gave it the name of dcphlogijlicated air ; Mr. Scheele 
called it empyreal air ; at firlt I named it highly refpira- 
hle air, to which has fmce been fubftituted the term of 
vital air. We fhall prefently fee what we ought to 
think of thefe denominations. 

In reflecting upon the circumftances of this experi- 
ment, we readily perceive, that the mercury, during 
its calcination, abforbs the falubrious and refpirable 
part of the air, or, to fpeak more ftricrJy, the bafe of 
this refpirable part ; that the remaining air is a fpecies 
of mephitis, incapable of fupporting combuftion or ref- 
piration; and, confequently, that atmofpheric air is 
compofed of two elaftic fluids of different and oppofite 
qualities. As a proof of this important truth, if we 
recombine thefe two elaftic fluids, which we have fepa- 
rately obtained in the above experiment, viz. the 42 cu- 
bical inches of mephitis, with the eight cubical inches 
of highly refpirable air, we reproduce an air precifely 
fimilar to that of the atmofphere, and poffefling nearly 
the fame power of fupporting combuftion and refpira- 
tion, and of contributing to the calcination of metals. 

Although this experiment furniflies us with a very 
fimple means of obtaining the two principal elaftic 
fluids which compofe our atmofphere, feparate from 
each other, yet it does not give an exact, idea of the 
proportion in which thefe two enter into its compofition : 
For the attraction of mercury to its refpirable part of 
the air, or rather to its bafe, is not fufficiently ftrong 
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to overcome all the circumftances which oppofe this 
union. Thefe obftacles are the mutual adhefion of 
the two conftituent parts of the atmofphere for each 
other, and the elective attract on which unites the 
bafe of vital air with caloric ; in confcquencc of thefe, 
when the calcination ends, or is at lead carried as far 
as is poflible in a determinate quantity of atmofpheric 
air, there ftill remains a portion of refpirable air united 
to the mephitis, which the mercury cannot feparate. 
I fhall afterwards mew, that, at lead in our climate, 
the atmofpheric air is compofed of refpirable and me- 
phitic airs, in the proportion of 27 and 73 ; and I 
fhall then difcufs the caufes of the uncertainty which 
ftill exifts with refpect. to the exa&nefs of that pro- 
portion. 

Since, during the calcination of mercury, air is de- 
compofed, and the bafe of its refpirable part is fixed 
and combined with the mercury, it follows, from the 
principles already eftablifhed, that caloric and light 
muft be difengaged during the procefs. But the two 
following caufes prevent us from being fenfible of this 
taking place : As the calcination lafts during feveral 
days, the difengagement of caloric and light, fpread 
out in a confiderable fpace of time, becomes extreme- 
ly fmall for each particular moment of the time, fo as 
not to be perceptible ; and, the operation being carried 
on by means of fire in a furnace, the heat produced 
by the calcination itfelf becomes confounded with that 
proceeding from the furnace. I might add, that the 
refpirable part of the air, or rather its bafe, in enter- 
ing into combination with the mercury, does not part 
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with all the caloric which it contained, but (till retams 
a part of it in the new compound : but the difcuffion 
of this point, and its proofs from experiment, do not 
belong to this part of our fubjecl:. 

It is, however, eafy to render this difengagement of 
caloric and light evident to the fenfes, by caufmg the 
decompofition of air to take place in a more rapid 
manner ; and for this purpofe,iron is excellently adapt- 
ed, as it poffeffes a much flronger affinity for the bafe 
of refpirable air than mercury. The following elegant 
experiment of Mr. Ingenhouz, upon the combuftion 
of iron, is well known. Take a piece of fine iron 
wire, twifted upon a fpiral, BC, Plate IV, Fig. 17 ; fix 
one of its extremities B into the cork A, adapted to 
the neck of the bottle DEFG, and fix to the other ex- 
tremity of the wire C a fmall morfel of tinder. Mat- 
ters being thus prepared, fill the bottle DEFG with air 
deprived of its mephific part; then light the tinder, 
and introduce it quickly, with the wire upon which it 
is fixed, into the bottle, which you flop up with the 
cork A, as is mown in the figure 17, Plate IV. The 
inftant the lighted tinder comes into contact, with the 
vital air, it begins to burn with great intenfiry ; and, 
communicating the inflammation to the iron-wire, it 
likewife takes fire and burns rapidly, throwing out 
brilliant fparks ; thefe fall to the bottom of the veflel 
in rounded globules, which become, black in cooling, 
but retain a degree of metallic fplendor. The iron 
thus burnt is more brittle even than glafs, is eafily re- 
duced into powder, and is flill attractable by the mag- 
net, though not fo powerfully as it was before com- 
buftion. As Mr. Ingenhouz has neither examined the 

I 
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change produced on the iron, nor upon the air, by this 
operation, I have repeated the experiment under dif- 
ferent circumfiances, in an apparatus adapted to an- 
fwer my particular views, as follows : 

Having filled a bell-glafs, A, Plate IV, Fig. 3, of 
about fix pints meafure, with pure air, or the highly 
refpirable part of air, I tranfportcd this jar, by means 
of a very fiat vefle!, into a quickfilver bath in the ba- 
fon BC, taking care to render the furface of the mer- 
cury perfectly dry, both within and without the jar, 
with blotting paper. I then provided a fmall cup of 
China-ware, D, very flat and open, in which I placed 
fome fmall pieces of iron, turned fpirally, and arranged 
in fuch a way as feemed mod favourable for the com- 
bullion being communicated to every part. To the 
end of one of thefe pieces of iron was fixed a fmall 
morcel of tinder, to which was added about the 
fixteenth part of a grain of phofphorus ; and, by 
raifmg the bell-glafs a little, the china cup with its 
contents were introduced into the pure air. I know 
that, by this means, fome common air muft mix with 
the pure air in the glafs ; but this., when it is done dex- 
teroufly, is fo very trifling, as not to injure the fuccefs 
of the experiment. This being done, a part of the air 
ucked cut from the bell-glafs, by means of a fy- 
pp.on, GHI, fo as to raile the mercury within the glafs 
to LF; and, to prevent the mercury from getting into 
the Syphon, a fmall piece of paper was twifled round 
its extremity. In fucking out the air, if the motion 
^nly be uied, we cannot make the mer- 
cury riie above an inch or an inch and a half j but, 
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by properly ufmg the mufcles of the mouth, we can, 
without difficulty, caufe it to rife fix or feven inches. 

I next took an iron wire, MN, Plate 14, Fig. 16, 
properly bent for the purpofe, and making it red hot 
in the fire, paffed it through the mercury into the re- 
ceiver, and brought it in contact with the fmall piece 
of phofphorus attached to the tinder. The phofphorns 
inflandy took fire, which communicated to the tinder, 
and from that to the iron. When the pieces have been 
properly arranged, the whole iron burns, even to the 
laft particle, throwing out a white brilliant light fimilar 
to that of Chinefe fire-works. The great heat produced 
by this combuftion melts the iron into round globules 
of different fizes, mofl of which fall into the China 
cup ; but fome are thrown out of it, and fwim on the 
furface of the mercury. At the beginning of the com- 
buftion, there is a flight augmentation in the volume 
of the air in the bell-glafs, from the dilatation caufed 
by the heat ; but, prefently afterwards, a rapid diminu- 
tion of the air takes place, and the mercury rifes in the 
glafs, infomuch that, when the quantity of iron is fuf- 
ficient, and the air operated upon is very pure, almofl 
the whole air employed is abforbed. 

It is proper to remark in this place, that, unlefs in 
making experiments for the purpofe of difcovery, it is 
better to be contented with burning a moderate quan- 
tity of iron ; for, when this experiment is pufhed too 
far, fo as to abforb much of the air, the cup D, which 
floats upon the quickfilver, approaches too near the 
bottom of the bell-glafs ; and the great heat produced, 
which is followed by a very fudden cooling, occafion- 
ed by the contact of the cold mercury, is apt to break 
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thegl^ r s. In which cafe, the fudden fall of the co- 
lumn of mercury, which happens the moment the lcaft 
flaw is prbduded in the glafs, caufes fuch a wave, as 
throws a great part of the quickfilver from the bafon. 
To avoid this inconvenience, and to ehi'ure fuccefs to 
the experiment, one dram and a half of iron is fuffi- 
c: ; t to burn in a bell-glafs, which holds about eight 
pints of air. The glafs ought likewife to be ftrong, 
that it might be able to bear the weight of the column 
of mercury which it has to fupport. 

By this experiment, it is not poffible to determine, 
at one time, both the additional weight acquired by the 
iron and the changes which have taken place in the 
air. If it is wifhed to afcertain what additional weight 
has been gained by the iron, and the proportion be- 
tween that and the air abforbed, we mult carefully 
mark upon the bell-glafs, with a diamond, the height 
of the mercury, both before and after the experiment. 
After this, the fyphon, GH, PI. IV, Fig. 3, guarded, 
as before, with a bit of paper, to prevent its filling with 
mercury, is to be introduced under the bell-glafs, hav- 
ing the thumb placed upon the extremity, G, of the 
fyphon, to regulate the paffage of the air ; and by this 
means the air is gradually admitted, fo as to let the 
mercury fall to its level. This being done, the bell- 
glafs is to be carefully removed ; the globules of melt- 
ed iron contained in the cup, and thofe which have 
be?n fcattered about, and fwim upon the mercury, arc 
to be accurately collected, and the whole is to be 
weighed. I he iron w 11 be found in that ftate called 
martial ethiops by the old chcmiib, pofTefling a degree 
of metallic brilliancy, very friable, and readily redu- 
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ced into powder, under the hammer, or with a peftle 
and mortar If the experiment has fucceeded well, 
from 100 grains of iron will be obtained 135 or 136 
grains of ethiops, which is an augmentation of 35 per 
cent. 

If all the attention has been made to this experiment 
which it deferves, the air will be found diminiftied in 
w i ;ht, exactly equal to what the iron has gained. 
Hav'ng therefore burnt 1 00 grains of iron, which has 
acquired an additional weight of 35 grains, the dimi- 
nution of air will be found exactly 70 cubical inches ; 
and it will be (hewn, in the fequel, that the weight of 
vital air is very near half a grain for each cubical inch ; 
fo that, in effect, the augmentation of weight in 
the one exactly coincides with the lofs of it in the 
other. 

I fhall obferve here, once for all, that, in every ex- 
periment of this kind, the preffure and temperature of 
the air, both before and after the experiment, mud be 
reduced by calculation to a common ftandard of 54 
of the thermometer, and 28 inches of the barometer. 
Towards the end of this work, the manner of perform- 
ing this very neceffary reduction will be found accu- 
rately detailed. 

If it be required to examine the nature of the air 
which remains after this experiment, we muft operate 
in a fomewhat different manner. After the combuflion 
is finiftied, and the veffels have cooled, we firft take 
out the cup, and the burnt iron, by introducing the 
hand through the quickfilver, under the bell-glafs ; we 
next introduce fome folution of potafh, or cauftic al- 
kali, or of the fulphuret of potafh, or fuch other fub- 
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ftances as are judged proper for examining their action, 
upon the refiduum of air. I (hall, in the fequel, give 
an account of thefe methods of analyzing air, wh n I 
have explained the nature of thefe different iubftances, 
which are only here in a manner incidently mentioned. 
After this examination, fo much water muft be let into 
the glafs as will difplace the quickfilver, and then, by 
means of a (hallow difh placed below the bell-glals, it is 
to be removed into the common water pneumato-che- 
mical apparatus*, where the air remaining may be ex- 
amined at large, and with great facility. 

When very foft and very pure iron has been em- 
ployed in this experiment, and, when the combuftion 
has been performed in the pureft refpirable or vital air, 
free from admixture of the noxious or mcphitic part, 
the air which remains after the combuftion will be 
found as pure as it was before : But it is difficult to 
find iron entirely free from a fmall portion of charry 
matter, which is chiefly abundant in fteel ; and it is 
likewife exceedingly difficult to procure pure air per- 
fectly free from fome admixture of mephitis, with 
which it is almofl always contaminated : That fpecies 
of noxious air does not, in the fmallefl degree, difturb 
the refult of the experiment, as it is always found at 
the end exactly in the fame quantity as at the begin- 
ning. 

I mentioned before, that we have two ways of deter- 
mining the conflituent parts of atmofpheric air, the me- 
thod of analyfis, and that by fynthefis. The calcina- 



* For a particular defcription of this apparatus, and the manner of ufing It, 
and of many other proctfle* with the inftruments fitted for carrying th 
fee the third part of this work. — T. 
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tion of mercury has furnimed us with an example of 
each of thefts methods, fince, after having deprived it 
of the refpirable part, by means of the mercury, we 
have reflored it again, fo as to recompofe an air pre- 
rifely fimilar to that of the atmofphere. But we can 
equally accomplifh this fynthetic compofition of atmof- 
pheric air, by borrowing the materials of which it is 
formed from different kingdoms of nature. We mail 
fee hereafter that, when animal fubflances are diffolved 
in the nitric acid, a great quantity of gas is difengaged, 
which extinguifhes light, and is unfit for animal refpi- 
ration, being exactly fimilar to the noxious or mephi- 
tic part of atmofpheric air. And, if we take 73 parts, 
by weight, of this elaftic fluid, and mix it with 27 parts 
of highly refpirable air, procured from calcined mercu- 
ry, we fhall form an elaftic fluid precifely fimilar to at- 
mofpheric air in all its properties. 

There are many other methods of feparating the 
refpirable from the noxious part of the atmofpheric air, 
which cannot be taken notice of in this place, without 
anticipating information which properly belongs to the 
fubfequent chapters. The experiments already ad- 
duced may fuffice for an elementary treatife ; and, in 
matters of this nature, the choice of our evidences is of 
far greater confequence than their number. 

I fhall clofe this article, by pointing out the property 
poffeffed by atmofpheric air, and all the known gafes, 
of diffolving water ; which circumftance it is of great 
confequence to attend to in all experiments of this na- 
ture. Mr. Sauffure found, by experiment, that a cu- 
bical foot of atmofpheric air is capable of holding 12 
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grains of water in folution*. Other gafes, as the car- 
bonic acid, appear capable of diflblving a gi 
quantity ; but experiments are ftill wanting by which 
to determine their feveral proportions. This water, 
held in folution by gafes, gives rife to particular 
phenomena, which require great attention, in many 
experiments, and which has frequently proved the 
fource of great errors to chemifls in determining the 
refults of their experiments. 

* It is evident that the quantify of water held in folution by determinate 
quantiti* s of the different gafes muft vary according to the degrees of tempera- 
ture and prcfiure. — T. 
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CHAPTER IV. 



Nomenclature of the fever al Con/iituent Parts of 
Atmofpheric Air. 

HITHEPvTO I have been obliged to make ufe of 
circumlocution, to exprefs the nature of the feveral 
fubftances which conflitute our atmofphere,' having 
provifionally ufed the terms of refpirable and noxious^ 
or non-refpirable, parts of the air. But the investiga- 
tions I mean to undertake require a more direct mode 
of expreffion ; and, having now endeavoured to give 
fimple and diftincl: ideas of the different fubftances 
which enter into the compofition of the atmofphere, 
I mall henceforth exprefs thefe ideas by words equally 
fimple. 

The temperature of our earth being very near to 
that at which water becomes folid, and at which reci- 
procally it changes from folid to fluid ; and as this 
phenomenon takes place frequently under our obferva- 
tion, it has very naturally followed, that, in the lan- 
guages of at leaft every climate fubject to any degree 
oi winter, a term has been ufed for fignifying water in 
the ftate of folidity, or when deprived of its caloric. 
The fame precifion has not been found necefiary with 
refpect to water reduced to the ftate of vapour by an 

K 
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ional quantity of caloric. Thole perfons who do 
not make a particular ftudy of objects of th s kind, are 
ftlfl ignorant that water, when in a temperature only a 
little above the boiling heat, is changed into an elaltic 
aeriform fluid, fufceptible, like all other gafes, of being 
received and contained in vefiels, and of preferving its 
gafeotrs form fo long as it remains at the temperature 
of 212 , and under a prefTure not exceeding 28 inches 
of the mercurial barometer. As this phenomenon has 
not been very generally obferved, no language has 
ufed a particular term for exprcfling water in this 
flat:.-*; and the fame thing occurs with all fluids, and 
all fcibftanees, which do not evaporate in the common 
temperature, and under the ufual prefTure of our atmof- 
phere. 

For fnnilar reafons, names have not been given to 
the liquid or concrete ftates of mofl of the aeriform flu- 
ids : Thefe were not known to arife from the combi- 
nation of caloric with certain bafes ; and, as they had 
not been feen either in the liquid or folid ftates, their 
existence, under thefe forms, was even unknown to na- 
tural philofophers. 

We have not pretended to make any alteration upon 
fuch terms as are fanctified by ancient cuftom ; and, 
therefore, continue to ufe the words water and ice in 
their common acceptation. We likewife retain the 
word air, to exprefs that collection of elaftic fluids 
which compofes our atmofphere : But we have not 
thought it neceflary to preferve the fame refpect for 
modern terms, adopted by the later philofophers, hav- 

* In Englifh the vtotdjleam is cxclufivcly appropriated to water in the ltatc 
of vapour. — T. 
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ing confidered ourfelves as at liberty to reject fuch as 
appeared liable to give erroneous ideas of the fub- 
ftances they are meant to exprefs, and either to fubfti- 
tute new terms, or to employ the old ones, after h v- 
ing modified them in fuch a manner as to convey more 
determinate ideas. New words, when neceffary, have 
been borrowed chiefly from the Greek language, in 
fuch a manner as to make their etymologv convey 
fome idea of what was meant to be repreiented by 
them ; and we have always endeavoured to make thefe 
fhort, and of fuch a form as to admit of being changed 
into adjectives and verbs. 

Following thefe principles, we have, after the ex- 
ample of Mr. Macquer, retained the term gas y em- 
ployed by Vanhelmont ; having arranged the nume- 
rous clafTes of elaftic aeriform fluids under that name, 
excepting only atmofpheric air. Gas, therefore, in 
our nomenclature, becomes a generic term, exprefllng 
the fulled degree of faturation in any body with caloric ; 
being, in fact, a term expreflive of a mode of exiflcnce. 
To diftinguifh the fpecies of gas, we employ a fecond 
term derived from the name of the bafe, which, fatu- 
rated with calorc, forms each particular gas. Thus, 
we name water combined to faturation with caloric, fo 
as to form an elaftic fluid, aqueous gas ; ether, combin- 
ed'in the fame manner, ethereal gas; the combination 
of alcohol with caloric becomes alcoholic gas ; and, fol- 
lowing the fame principles, we have muriatic acid gas, 
ammoniacal gas, and fo on of every fubftance fufcepti- 
ble of being combined witl caloric, in fuch a manner 
as to affume the gafeous or elaftic aeriform ftate. 

We have already feen, that the atmofpheric fluid. 



8o 



ELEMENTS Of CHEMISTRY. 



or common air, is compofcd of two gafes or aeriform 
fluids ; onj of which is capable, by reipiration, of con- 
tributing to fupport animal life ; and in it metals are 
calculable, and combuftible bodies may burn : '1 'lie 
other, on the contrary, is endowed with directly oppo- 
fite qualities ; it cannot be breathed * by animals, nei- 
ther will it admit of the combuftion of inflammable bo- 
dies, nor of the calcination of metals. We have given 
to the bafe of the former, which is the refpirable por- 
tion of atmofpheric air, the name of oxygen, from 
*fr acidum, and yum^eu gignor, becaufe one of the moft 
general properties of this bafe is to form acids, by 
combining with many different fubflances. The union 
of this bafe with caloric, which is the fame with what 
was formerly named pure, or vital, or highly refpirable 
air, we now call oxygen gas. The weight of this gas, 
at the temperature of 54.50 ," and under a preffure 
equal to 28 inches of the barometer, is half a grain for 
each cubical inch nearly, or one ounce and a half to 
each cubical foot. 

The chemical properties of the noxious portion of 
atmofpheric air being hitherto but little known, we 
have been fatisfied to derive the name of its bafe from 
its known qu;.l ty of killing fuch animals as are forced 
to breathe it, giving it the name of azot, from the 
Greek privative particle * and b ; , vita ; hence the 
nii me of the noxious part of the atmofpheric air is azo- 
tic gas The wei;_ ht of this, in the fame temperature, 
and under the fame preffure, is 1 oz. 1 drams and 48 
grs. to the cubical foot, or 0.4444 °f a grain to the 

* It may ind.ed be infpired into the lungs of animals, but is then fure to 
produce iultant death.— T. 
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cubical inch. We cannot deny that this name appears 
fomewhat extraordinary ; but this muft be the cafe with 
all new terms, which cannot be expected to become 
familiar until they have been fome time in ufe. We 
long endeavoured to find a more proper defignation 
without fuccafs : It was at firft propofed to call it alka- 
llgen gas, as, from the experiments of Mr. Berthollet, 
it appears to enter into the compofttion of ammoniac, 
or volatile alkali ; but then we have as yet no proof of 
its making one of the conftituent elements of the other 
alkalies ; befides, it is proved to form a part of the ni- 
tric acid, which gives as good reafon to have it called 
nitrigcn. For thefe reafons, finding it necefiary to re- 
ject any name upon fyftematic principles, we have con- 
fidered that we ran no rifk of miflake, in adopting the 
terms of azot, and azotic gas, which only exprefs a 
matter of fact, or that property which it poflefies, of 
depriving, fuch animals as breathe it of their lives. 

I mould anticipate fubjects more properly referved 
for the fubfequent chapters, were I in this place to en- 
ter upon the nomenclature of the feveral fpecies of 
gafes : It is fufficient, in this part of trn work, to efta- 
blifh the principles upon which their denominations are 
founded. The principal merit of the nomenclature we 
have adopted is, that, when once the fimple element- 
ary fubject is diftinguifhed by an appropriate term, the 
names of all its compounds derive readily, and necef- 
farily, from this firft denomination. 
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CHAPTER V. 



Of the DecG?npofitlon of Oxygen Gas Ly Sulphur, Phof- 
phorus, and Carbon ; — and of the Formation of Acids 
in general. 



IN performing experiments, it is a neceffary princi- 
ple, which ought never to be deviated from, that they 
be fimplified as much as pollible. and that every cir- 
cumstance capable of rendering their refults compli- 
cated be carefully removed. Wherefore, in the expe- 
riments which form the object of this chapter, I have 
never employed atmofpheric air, which is not a fimple 
fubftance. It is true, that the azotic gas, which forms 
apart of its mixture, appears to be merely paflive dur- 
ing combuflion and calcination ; but, befides that it 
retards thefe operations very confiderably, we are not 
certain but it may even alter their refults in fome cir- 
cumftances ; for which reafon, I have thought it ne- 
cefTary to remove even this poffible caufe of doubt, by 
making ufe only of pure oxygen gas in the following 
experiments, which (hew the effects produced by com- 
buflion in that gas. I fhall advert to fuch differences 
as take place in the refults of thefe, when the oxygen 
gas, or pure vital air, is mixed, in different proportions, 
with azotic gas. 
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Having filled a bcll-glafs A, PI. IV. fig. 3, of between 
five and fix pints meafure, with oxygen gas, I removed 
it from the waterA-ough, where it was filled, into the 
quickfilver bath, By means of a mallow glafs dim flip- 
ped underneath, and having dried the mercury, I in- 
troduced 6i\ grains of Kunkel's phofphorus in two 
little China cups, like that reprefented at D, fig. 3, un- 
der the glafs A. That I might fet fire to each of the 
portions of phofphorus feparately, and to prevent the 
one from caiching fire from the other, one of the dimes 
was covered with a flat piece of glafs. I next raifed 
the quickfilver in the bell-glafs up to EF, by fucking 
out a fufficient portion of gas through the fyphon GHI. 
After this, by means of the crooked iron wire, fig. 16, 
ma.le red hot, I fet fire to the two portions of phofpho- 
rus fuccefiively, firft burning that portion which was 
not covered by the piece of glafs. The combuftion 
was extremely rapid, being attended by a very brilliant 
flame, and a confiderable difengagement of light and 
heat. In confequence of the great heat induced, the 
gas was at firft much dilated, but foon after the mer- 
cury returned to its leve!, and a confiderable abforption 
or diminution of gas took place ; at the fame time, the 
whole infide of the glafs became covered with light 
white flakes of concrete phofphoric acid. 

At the beginning of the experiment, the quantity 
of oxygen gas, reduced, as before directed, to a com- 
mon flandard, of thermometrical temperature and ba- 
rometrical preffure, amounted to 162 cubical inches ; 
and, after the combuftion was linifhed, only 23^ cubi- 
cal inches, likewife reduced to the flandard, remain- 
ed j fo that the quantity of oxygen gas abforbed dur- 
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ing the combuftion was 138] cubical inches, equal 

t0 6 9-375 grains. 

A part of the phofphorus remained unconfumed in 
the bottom of the cups, which, being v. allied on pur- 
pofc to feparate the acid, weighed about 16 1 grains; 
fo that about 45 grains of phofphorus had been con- 
fumed : But, as it is hardly poffible to avoid an error 
of one or two grains, J leave the number fo far quali- 
fied. Hence, as nearly 45 grains of phofphorus had, 
in this experiment, united with 69.375 grains of oxy- 
gen, and as no gravitating matter could have efcaped 
through the glafs, we have a right to conclude, that 
the weight of the fubftance refulting from the combuf- 
tion in form of white flakes, muff equal that of the 
phofphorus and oxygen employed, which amounts to 
114.375 grains. And we (hall prefently find, that 
thefe flakes confided entirely of a folid or concrete 
acid. When we reduce thefe weights to hundredth 
parts, it will be found that 100 parts of phofphorus 
require 154 parts of oxygen for faturation, and that 
this combination will produce 254 parts of concrete 
phofphoric acid, in form of white fleecy flakes. 

This experiment proves, in the mod convincing 
manner, that, at a certain degree of temperature, oxy- 
gen poffefles a flronger elective attraction, or affinity, 
for phofphorus than for caloric ; and that, in confe- 
quence of this, the phofphorus attracts the bafe of oxy- 
gen gas from the caloric, which, being fet free, fpreads 
itfelf over the furrounding bodies. But, though this 
experiment be fo far conclufivc, it is not fufliciently ri- 
gorous ; for, in the apparatus defcribed above, it is im- 
poilible to afcertain the weight of the flakes of concrete 
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acid which are formed ; we can therefore only deter- 
mine this by calculating the Weights of oxygen and 
phofphorus employed ; But as, in phyfics, and in che- 
miftry, it is not allowable to fuppofe what is capable 
of being afcertained by direct, experiment, I thought 
it neceffary to repeat this experiment, as follows, 
upon a larger fcale, and by means of a different appa- 
ratus. 

I took a large glafs balloon A, PI. IV, fig. 4, with 
an opening of three inches diameter, to which was fit- 
ted a cryftal Hopper ground with emery, and pierced 
with two holes for the tubes yyy, xxx. Before (hut- 
ting the balloon with its (topper, I introduced the fup- 
port BC, furmounted by the China cup D, containing 
150^. of phofphorus ; the ftopper was then fitted to 
the opening of the balloon, luted with fat lute, and co- 
vered with flips of linen fpread with quicklime and 
white of eggs. When the lute was perfectly dry, the 
weight of the whole apparatus was determined to with- 
in a grain or a grain and a half. I next exhaufted the 
balloon, by means of an air-pump applied to the tube 
xxx, and then introduced oxygen gas by means of the 
tube yyy, which has a (lop-cock adapted to it. This 
kind of experiment is mod readily and mod exactly 
performed by means of the hydropneumatic machine 
defcribed by Mr. Meufnier and myfelf in the Memoirs 
of the Academy for 1782^. 466, and explained in ths 
latter part of this work, with feveral important addi- 
tions and corrections fince made to it by Mr. Meufnier. 
With this inftrument, we can readily afcertain, in the 
mod exact manner, both the quantity of oxygen gas 
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introduced into the balloon, and the quantity confumed 
fluring the courfe of the experiment. 

When all things were properly difpofed, I let lire to 
the phofphorus with a burning glafe : The combuftion 
was extremely rapid, accompanied with a bright flame, 
and much heat : As the operation went on^arge 
quantities of white flakes gradually attached themfelves 
to the inner furface of the balloon, until at laft it was 
rendered quite opake. The quantity of thefe flakes at 
the end became fo abundant, that, though frefh oxygen 
gas was continually fupplied, which ought to have fup- 
ported the combuftion, the phofphorus became extin- 
guifhed. Having allowed the apparatus to cool com- 
pletely, I firft afcertained the quality of oxygen gas 
employed, and weighed the balloon accurately, before 
it was opened. I next warned, dried, and weighed the 
fmall quantity of phofphorus remaining in the cup, on 
puroofe to determine the whole quantity of phofphorus 
confumed in the experiment ; this refiduum of the 
phofphorus was of a yellow ochrey colour. It is evi- 
dent, that by thefe feveral precautions, I could eafily 
determine the weight of the phofphorus confumed ; 
the weight of the flakes produced by the combuftion ; 
and the weight of the oxygen which had combined 
with the phofphorus. 

This experiment gave very nearly the fame refults 
with the former, as it proved that the phofphorus, dur- 
ing its combuftion, had abforbed a little more than 
one and a half its weight of oxygen ; and I learned 
with more certainty, that the weight of the new fub- 
ftance, produced in the experiment, exactly equalled 
the fum of the weights of the phofphorus confumed, 
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and oxygen abforbed, which indeed was eafily deter- 
minable a priori. If the oxygen gas employed be 
pure, the refiduum after combuftion is as pure as the 
gas employed : This proves that nothing efcapes from 
the phofphorus, capable of altering the purity of the 
oxygen gas, and that the only action of the phofphorus 
is to feparate the oxygen from the caloric, with which 
it was before united. 

I mentioned above, that when any combuftible body 
is burnt in a hollow fphere of ice, or in an apparatus 
properly conftructed upon that principle, the quantity 
of ice melted during the combuftion is an exact mea- 
fure of the quantity of caloric difengaged. On this 
fubjeft, the memoir given to the Academy by M. de 
la Place and myfelf, anno 1780, p. i,55, ma y De con " 
fulted. Having fubmitted the combuftion of phofpho- 
rus to this trial, we found that one pound of phofpho- 
rus melted a little more than 100 pounds of ice during 
its combuftion. 

The combuftion of phofphorus fucceeds equally 
well in atmofpheric air as in oxygen gas, with this dif- 
ference, that the combuftion is vaftly flower, being 
retarded by the large proportion of azotic gas mixed 
with the oxygen gas ; and that only about one-fifth 
part of the air employed is abforbed, becaufe, as the 
oxygen gas only is abforbed, the proportion of the 
azotic gas becomes fo great towards the clofe of the 
experiment, as to put an end to the combuftion. 

I have already fhewn that the phofphorus is changed 
by combuftion into an extremely light, white, flakey 
matter. Its properties are likewife entirely altered by 
this transformation ; from being infoluble in water, it 
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becomes not only foluble, but fo greedy of moiilure, 
as to attract the humidity of the air with aflonifhing 
rapidity: By this means it is converted into a liquid, 
confiderably more denfe, and of more fpecific gravity, 
than water. In the ftate of phofphorus before com- 
buflion, it had fcarccly any fenfible tafte ; by its union 
with oxygen it acquires an extremely fharp and four 
tafte ; in a word, from one of the clafs of combuflible 
bodies, it is changed into an incombuftible fubflance, 
and becomes one of thofe bodies called acids. 

This property of a combuflible fubflance to be con- 
verted into an acid, by the addition of oxygen, we 
mail prefently find belongs to a great number of bo- 
dies : Wherefore, ftricl: logic requires that we mould 
adopt a common term for indicating all thefe operations 
which produce analogous refults. This is the true 
way to fimplify the fludy of fcience, as it would be 
quite impoffible to bear all its fpecifical details in the 
memory, if they were not claflically arranged. For 
this reafon, we mall diflinguifh the converfion of phof- 
phorus into an acid, by its union with oxygen, and in 
general every combination of oxygen with a combufti- 
ble fubflance, by the term of oxygenation ; From this I 
fhall adopt the verb to oxygenate ; and of confequence 
fhall fay, that in oxygenating phofphorus we convert it 
into an acid. 

Sulphur is likewife a combuflible body, or, in other 
words, it is a body which pofleffes the power of de- 
compofing oxygen gas, by attracting the oxygen from 
the caloric with v/hich it was combined. This can 
very eafily be proved, by means of experiments quite 
fimilar to thofe we have given with phofphorus ; but 
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it is neceflary to premife, that in thefe operations with 
fulphur, the fame accuracy of refult is not to be ex- 
pected as with phofphorus ; becaufe the acid which is 
formed by the combuftion of fulphur is difficultly 
condenfible, and becaufe fulphur burns with more 
difficulty, and is foluble in the different gafes. But 
I can fafely affert, from my own experiments, that 
fulphur in burning abforbs oxygen gas ; that the re- 
fulting acid is confiderably heavier than the fulphur 
burnt ; that its weight is equal to the fum of the 
weights of the fulphur which has been burnt, and of 
the oxygen abforbed ; and, laflly, that this acid is 
weighty, incombuftible, and mifcible with water in all 
proportions. The only uncertainty remaining upon 
this head, is with regard to the proportions of fulphur 
and of oxygen which enter into the compofition of 
the acid. 

Charcoal, which, from all our prefent knowledge 
regarding it,muft be confidered as a fimple combuftible 
body*, has likewife the property of decompofmg oxy- 
gen gas, by abforbing its bafe from the caloric : But 
the acid refulting from this combuftion does not con- 
denfe in the common temperature ; under the prelfure 
of our atmofphere, it remains in the date of gas, and 
requires a large proportion of water to combine with, 
or be diffolved in. This acid has, however, all the 
known properties of other acids though in a weaker 
degree, and combines, like them, with all the bafes 
which are fufceptible of forming neutral falts. 

* This aflertion is to be underltood of the pure combultible part of charcoal, 
which, in the nomenclature, is named carbon, carbonum, to diftinguifh it from 
charcoal, charbon, carbo .• The latter, bcfides carbon, contains fome incombuf- 
tible earth, and certain falts.— T. 
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The combuftion of charcoal in oxygen gas, may be 
effected like that of phofphorus in the bell-glafs, A t PI. 
IV, fig. 3, placed over mercury : But, as the heat of 
red-hot iron is not fufficient to let fire to the charcoal, 
we muff add a fmall moriel of tinder, with a minute 
particle of phofphorus, in the fame manner as is direct- 
ed in the experiment for the combuftion of iron. A 
detailed account of this experiment will be iound in 
the Memoirs of the Academy for 1781, p. 448. By 
that experiment, it appears, that 28 parts by weight of 
carbon require 72 parts of oxygen lor laturatioi:, and 
that the aeriform acid produced is precisely equal in 
weight to the fum of the weights of the charcoal con- 
fumed and oxygen gas employed during the combuf- 
tion. This aeriform acid was called fixed or fixable 
air by the chemifts who firfl difcovered it ; they did 
not then know whether it was air refembling that of 
the atmofphere, or fome other elailic fluid, vitiated and 
corrupted by combuftior ; but fince it is now aicer- 
tained to be an acid, formed like all others by the oxy- 
genation of its peculiar bafe, it is obvious that the name 
of fixed air is quite ineligible.* 

By burning charcoal in the apparatus mentioned, p. 
46, Mr. de la Place and I found that one lib. of char- 
coal melted 96.375 libs, of ice ; that, during the com- 
buftion 2.5714 libs, of oxygen were abforbed. and that 
3.5714 Hbs, of acid gas were formed. This gas weighs 
0.695 parts of a grain for each cubical inch, in a com- 
mon ftandard temperature and preflure mentioned 

* It may be proper to remark, though here omitted by the author, that, 
in conformity with the general principles of the ntw nomenclature, this acid i» 
by Mr. Lavoificr, and his colleagues, called the carbonic acid, and when in the 
aeriform (late, carbonic acid gas. — T. 
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above, fo that 34242* cubical inches of acid gas are 
produced by the combuftion of one pound of char- 
coal. 

I might multiply thefe experiments, and mow, by a 
numerous fucceffion of facts, that all acids are formed 
by the combuftion of certain fubftances ; but I am 
prevented from doing fo in this place, by the plan 
which I have laid down, of proceeding only from facts 
already afcertained to fuch as are unknown, and of 
drawing my examples only from circumftances alrea- 
dy explained. In the mean time, however, the three 
examples above cited, may fuffice for giving a clear 
and accurate conception of the manner in which acids 
are formed. By thefe, it may be clearly feen, that oxy- 
gen is an element common to them all, and which 
conftitutes or produces their acidity ; and that they 
differ from each other, according to the feveral natures 
of the oxygenated or acidified fubftances. We muft, 
therefore, in every acid, carefully diftinguifh between 
the acidifiable bafe, v/hich Mr. de Morveau calls the 
radical, and the acidifying principle, or oxygen. 

* Some error muft have crept into Mr. Lavoifier's calculation; for, on the 
data here given, the number of cubical inches of gas ought to have been 
47358-3; *» 3-5714 Ms. of carbonic acid gas, or 32914.0224 £rj. when divided by 
.695, the weight of a cubical inch, give this corrected quotient — T. 
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CHAPTER VI. 



Of the Nomenclature of Acids in general, and particularly 
of thofe drawn from Nitre and Sea Salt. 



IT becomes extremely eafy, from the principles laid 
down in the preceding chapter, to eftablifh a fyftem- 
atic nomenclature for the acids : The word acid being 
ufed as a generic term, each acid falls to be diflin- 
guifhed in language, as in nature, by the name of its 
bafe or radical. Thus, we give the generic name of 
acids to the products of the combuftion or oxygenation 
of phofphorus, of fulphur, and of carbon ; and thefe 
products are reflectively named, the phofphoric acid, 
ihefulpburic acid, and the carbonic acid. 

There is, however, a remarkable circumftance in 
the oxygenation of combuftible bodies, and of a part 
of fuch bodies as are convertible into acids, that they 
are fufceptible of different degrees of faturation with 
oxygen, and that the refulting acid^, though formed 
by the union of the fame elements, are poffefTed of dif- 
ferent properties, depending upon that difference of 
proportion. Of this, the phofphoric acia, and more 
efpecially, the fulphuric, furnifh us with examples. 
When fulphur is combined with a fmall portion of oxy- 
gen, it forms, in this firft or lower degree of oxygen- 
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ation, a volatile acid, having a penetrating odour, and 
pofiefled of very peculiar qualities. By a larger propor- 
tion of oxygen, it is changed into a fixed heavy acid, 
without any odour, and which, by combination with 
other bodies, gives produces quite different from thofe 
furnifhed by the former. In this inftance, the princi- 
ples of our nomenclature feem to fail ; and it appears 
difficult to derive fuch terms from the name of the acid- 
ifiable bafe, as fhall diftin&ly exprefs thefe two degrees 
of faturation, or oxygenation, without circumlocution. 
By reflection, however, upon the fubject, or perh ps 
rather from the necemty of the cafe, we have thought 
it allowable to exprefs thefe varieties in the oxygenation 
of the acids, by fimply varying the termination of their 
fpecific names. The volatile acid produced from ful- 
phur was anciently known to Stahl under the name of 
fulphurous acid*. We have pref rved that term for 
this acid from fulphur under-faturated with oxygen ; 
and diftinguifh the other, or completely faturated or 
oxygenated acid, by the name of fulphuric acid. We 
fhall therefore fay, in this new chemical language, that 
fulphur, in combining with oxygen, is fufceptible of 
two degrees of faturation ; that the firft, or leffer de- 
gree, constitutes fulphurous acid, which is volatile and 
penetrating ; while the fecond, or higher degree of fa- 
turation, produces fulphuric acid, which is fixed and 
inodorous. We fhall adopt this difference of termina- 



* The term formerly ufsd by the Englifb chrmifts for this acid was written 
fulphureous; but I have thought proper to fpell it as above, that it may better 
conform with the fimilar terminations of nitrous carbonous. &c. to be u fed 
hereafter. In general, 1 have ufed the Englifh terminations ic and ous to tran- 
slate the terms of the Author which end with rgue and tun, v^ith hardly any 
ether alterations — T. 

M 
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tion for all the acids which affume feveral degrees of 
faturation. Hence we have a phofphorus and a phof- 
phoric acid, an acetous and an acetic acid ; and fo on, 
for others in fimilar circumftances. 

This part of chemical fcience would have been ex- 
tremely fimple, and the nomenclature of the acids 
would not have been at all perplexed, as it is now in 
the old nomenclature, if the bafe or radical of each 
acid had been known when the acid itfelr" was difcover- 
ed. Thus, for inflance, phofphorus being a known 
fubftance before the difcovery of its acid, this latter 
was rightly diftinguifhed by a term drawn from the 
name of its acidifiable bafe. But when, on the con- 
trary, an acid happened to be difcovered before its bafe, 
or- rather, when the acidifiable bafe from which it was 
formed remained unknown, names were adopted for 
the two which have not the fmalleft connection ; and 
thus, not only the memory became burdened with 
ufelefs appellations, but the minds of fludents, nay 
even of experienced chemifts, became filled with falfe 
ideas, which time and reflection alone are capable of 
eradicating. We may give an inflance of this confu- 
fion with refpeel: to the acid of fulphur : The former 
chemifts, having procured this acid from the vitriol of 
iron, gave it the name of the vitriolic acid from the 
name of the fubftance which produced it ; and they 
were then ignorant that the acid procured from fulphur 
by combuftion was exactly the fame. The fame thing 
happened with the aeriform acid, formerly called fixed 
air ; it not being known that this acid was the refult 
of combining carbon with oxygen, a variety of deno- 
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minations have been given to it, not one of which con- 
veys juft ideas of its nature or origin. 

We have found it extremely eafy to correct and mo- 
dify the ancient language with refpect to thofe acids 
which proceed from known bafes ; having converted 
the name of vitriolic acid into that offulphuric, and the 
name of fixed air into that of carbonic acid: But it k 
impofiible to follow this plan with the acids whoie bafes 
are f till unknown ; with thefe we have been obliged to 
life a contrary plan, and, initead of forming the name 
of the acid from that of its bafe, have been forced to 
denominate its unknown bafe from the name of the 
known acid, as happens in the cafe of the acid which 
is procured from fea-falt. 

To difengage this acid from the alkaline bafe with 
which it is combined, we have only to pour iulphuric 
acid upon fea-falt ; immediately a briik effervefcence 
takes place, white vapours arife, of a very penetrating 
odour, and, by gently heating the mixture, all the 
acid is driven off. As, in the common temperature 
and preffure of our atmofphere, this acid is naturally 
in the ftate of gas, we mull; ufe particular precautions 
for retaining it in proper veffels. For fmall experi- 
ments, the raoft fimple and mod commodious appara- 
tus confifts of a fmall retort, G, PI. V, Fig. 5, into 
which the fea-falt is introduced, well dried* ; we then 
pour on fome concentrated fulphuric acid, and imme- 
diately introduce the beak of the retort under little jars 
or bell glafles, A, fame Plate and Fig. previoufly filled 

* For this purpofe the operation called decrepitation is ufed which confifts in 
fubjcdt'ng it to nearly a red heat, in a proper veflel, fo as to evaporate a!! it* 
water of cryftallization.— T. 
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with quickfilver. In proportion as the acid gas is dif- 
engaged, it paries into the jar, and gets to the top of 
the quickfilver, which it difplaces. When the difen- 
ga .ement of the gas flackens, a gentle heat is applied 
to the retort, and is gradually increafed, till nothing 
more paflfes over. This acid gas has a very ftrong affi- 
nity with water, which abforbs an enormous quantity 
of it ; this is proved by introducing a very thin layer 
of water into the glafs which contains the gas, for, in 
an inftant, the whole acid gas disappears, and com- 
bines with the water. 

This latter circumftance is taken advantage of in la- 
boratories and manufactories', on purpofe to obtain the 
acid of fea-falt in a liquid form ; and for this purpofe 
the apparatus, PI. IV, fig. ' i, is employed. It confifts ; 
of a tubulated retort A, into which the fea-falt, and, af- 
ter it, the fulphuric acid are introduced through the 
opening H ; of the balloon or recipient c, b, intended 
for containing the fmali quantity of liquid which paffes 
over during the procefs ; and of a fet of bottles with 
two mouths, L, L, L, L, half filled with water, intend- 
ed for abforbing the gas difengaged by diftillation. 
This apparatus will be more amply defcribed in the 
latter part of this work. 

Although we have not yet been able, either to com- 
pofe or to decompound this acid of fea fait, we cannot 
have the fmalleft doubt that it, like all other acids, is 
compofed by the union of oxygen with an acidifiable 
bafe. We have therefore called this unknown fub- 
ftance the muriatic bafe or muriatic radical, deriving 
this name, after the example of Mr. Bergman and 
Mr. de Morveau, from the Latin word muria, which 
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was anciently ufed to fignify fea-falt. Thus, without 
being able exactly to determine the component parts of 
muriatic acid, we defign by that term a volatile acid 
which retains the form of gas in the common tempera- 
ture and prefiure of our atmofphere ; which combines 
with great facility, and in great quantity, with water ; 
and whofe acid' fiable bafe adheres fo very intimately 
with oxygen, that no method has hitherto * been de- 
viled for feparating them. If ever this acidifiable bale 
of the muriatic acid is difcovered to be a known fub- 
ftance, though now unknown in that capacity, it will 
be requifite to change its prefent denomination for one 
analogous with that of its bafe. 

In common with fulphuric acid, and feveral other 
acids, the muriatic is capable of different degrees of 
oxygenation ; but the excefs of oxygen produces quite 
contrary effects upon it from what the fame circum- 
ftance produces upon the acid of fulphur. The lower 
degree of oxygenation converts fulphur into a volatile 
gafeous acid, which only mixes in fmall portions with 
water ; while a higher oxygenation forms an acid pof- 
fefling much ftronger acid properties, which is very 
fixed, and cannot remain in the flate of gas, but in a 
very high temperature, which has no fmell, and which 
mixes in large portions with water. With muriatic 
acid, the direct reverfe takes place j an additional fatu- 

* Dr. Girtanner is faid to have lately difcovered that hydrogen is the bafe or 
radical of this acid. Should this difcovery be confirmed, the terms will here 
require fome farther alteration, in conformity with the general principles of 
the new nomenclature. At any rate, muriogen may be employed to denomi- 
nate the bafe of the muriatic acid, till its nature be unequivocally determined ; 
and, if the difcovery attributed to Dr. Girtanner be afcertained, the common 
bafe of water and muriatic acid will more properly fall to be named by this 
new term, than by that of hydrogen.— T. 
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ration with oxygen renders it more volatile, of a more 
penetrating odour, lefs mifcible with water, and dimi- 
nishes its acid properties. We were at firft inclined to 
have denominated thefe two degrees of faturation in 
the fame manner as we had done with the acid of 1 ul- 
phur, calling the lefs oxygenated fnuriatous acid, and 
that which is more faturated with oxygen muriatic acid : 
But, as this latter gives very particular reiults in 
its combinations, and as nothing analogous to it is yet 
known in chemiflry, we have left the name of muri- 
atic acid to the lefs faturated, and give the latter the 
more compounded appellation of oxygenated muriatic 
acid *. 

Although the bafe or radical of the acid which is 
extracted from nitre or faltpetre be better known, we 
have judged proper only to modify its name in the 
fame manner with that of the muriatic acid. It is pro- 
cured from nitre, by the intervention of fulphuric acid, 
by a procefs fimilar to that defcribed for extracting 
the muriatic acid, and by means of the fame apparatus, 
PI. IV, Fig. i. In proportion as the acid paffes over, 
it is in part condenfed in the balloon or recipient, and 
the reft is abforbed by the water contained in the bot- 
tles L, L, L, L ; the water becomes firft green, then 
blue, and at laft yellow, in proportion to the concentra- 
tion of the acid. During this operation, a large quan- 
tity of oxygen gas, mixed with a fmall portion of azotic 
gas, is difengaged. 

* The compound term, murioxic acid, might ferve very conveniently for ex- 
preffing this ftate of the muriaic acid: In ftri<5t cenformity with the get cral 
pri ciple" of the new chemical philofophy, and its nomenclature, it fliould 
have been cMtifupo-oxygenated, inftead of oxygenated muriatic acid ; for all 
acids are oxygenated.— T. 
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This acid, like all others . is compofed of oxygen, 
united to an acidifiable bafe, and is even the firft acid 
in which the exiftence of oxygen was well afcertained. 
Its two conftituent elements are but weakly united, 
and are eafily feparated, by prefenting any fubflance 
with which oxygen has a ftronger affinity than with the 
acidifiable bale peculiar to this acid. By fome experi- 
ments of this kind, it was firft difcovered that azot, or 
the bafe of mephitis or of azotic gas, conflituted its 
acidifiable bafe or radical ; and confequently, that the 
acid of nitre was really an azotic acid, having acid for 
its bafe, combined with oxygen. For thefe reafons, 
that we might be confiftent with our principles, it ap- 
peared neceflary, either to call the acid azotic, or to 
name the bafe nitric radical ; but from either of thefe 
we were diffuaded by the following confiderations. It 
feemed difficult to change the name of nitre or faltpetre, 
which have been univerfally adopted in fociety, in 
manufactures, and in chemiftry ; and, on the other 
hand, azot having been difcovered by Mr. Berthollet 
to be the bafe of volatile alkali, or ammoniac, as well 
as of this acid, we thought it improper to call it nitric 
radical. We have therefore continued the term of 
azot to the bafe of that part of atmofpheric air which 
is likewife the nitric and ammoniacal radical ; and we 
have named the acid of nitre, in its lower and higher 
degrees of oxygenation, nitrous acid in the former, and 
nitric acid in the latter date ; thus preferving its for- 
mer appellation properly modified. 

Several very refpedlable chemifls have difapproved 
of this deference for the old terms, and wifhed us to 
have perfevered in perfecting a new chemical language, 
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without paying any refpecl to ancient ufage ; fo that 
by thus fteering a fort of middle courfe, we have cx- 
pofed ourfelves to the cenfures of one feci: of chemiits, 
and to the expostulations of the oppofite party. 

The acid of nitre is. fufceptible of affuming a great 
number of feparate Mates, depending upon its degree 
of oxygenation, or upon the proportions in which azot 
and oxygen enter into its compofition. By a firfr. or 
loweft degree of oxygenation,- ir forms a particular 
fpecies of gas, which we fh ill continue to name nitrous 
gas ; this is compofed nearly of two parts, by weight, 
of oxygen combined with one part of azot, and in this 
Mate it is not mifcible with water. In this gas the 
azot is by no means fully faturated with oxygen, but, 
on the contrary, has (till a very great affinity for that 
element, and even attracts it from atmofpheric air, im- 
mediately upon getting into contact with it. This 
combination of nitrous gas with the oxygen gas con- 
tained in atmofpheric air, has even become one of the 
methods for determining the quantity of oxygen gas 
mixed with any portion of air, and confequently is ufed 
as a teft for afcertaining its degree of falubrity. 

The further addition of oxygen converts the nitrous 
gas into a powerful acid, which has a ftrong affinity 
with water, and which is itfelf fufceptible of various 
additional degrees of oxygenation. When the propor- 
tions of oxygen and azot are below three parts, by 
weight, of the former to one of the latter, the acid is 
red coloured, and emits copious fumes. In this ftate, 
by the application of a gentle heat, it gives out nitrous 
gas; and we term it, in this degree of oxygenation, 
nitrous acid. When four parts, by weight, of oxygen* 
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are combined with one part of azot, the acid is clear 
and colourlefs ; more fixed in the fire than the nitrous 
acid ; has lefs odour, and its conflituent elements are 
more firmly united : This fpecies of acid, in confor- 
mity with our principles of nomenclature, is called nitric 
acid. 

Thus, nitric acid is the acid of nitre, furcharged 
with oxygen ; nitrous acid is the acid of nitre fur- 
charged with azot, or what is the fame thing, with 
nitrous gas ; and this latter is azot not fufficiently fa- 
turated with oxygen to poffefs the properties of an 
acid. To this latter degree of oxygenation, we have 
afterwards, in the courfe of this work, given the gene- 
rical name of oxyd*. 

* In (trie! conformity with the principles of the new nomenclature, but 
which the author has given his reafons for deviating from in this inftsnee, the 
following ought to have been the terms for azot, in its feveral degrees of oxy- 
genation .• Azot, azotic gas (azot combined with caloric) azotic oxyd ga$, azo- 
id : and azotic acid. — T. 
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CHAPTER VII. 



Of the Dccompofttion of Oxygen Gas by means of Metals, 
and the Formation of Metallic Oxyds. 



OXYGEN has a ftronger affinity with metals that 
are heated to a certain degree than with caloric : In 
confequence of this, all metallic bodies, excepting 
gold, filver, and platina, have the property of decom- 
posing oxygen gas, by attracting its bafe from the calo- 
ric with which it was combined. We have already 
fhown in what manner this decompofition is effected by 
means of mercury and iron ; having obferved, that, in 
the cafe of the firft, it mud be confidered as a kind of 
gradual combuftion, whereas, in the latter, the com- 
buftion is extremely rapid, and is attended with a bril- 
liant flame. The ufe of the heat employed in thefe 
operations is to feparate the particles of the metal from 
each other, and to diminifh their attraction of cohefion 
or aggregation, or, what is the fame thing, their mutual 
attraction for each other. 

The abfolute weight of all metallic fubftances is aug- 
mented in proportion to the quantity of oxygen they 
abforb ; they at the fame time, lofe their metallic 
fplendour, and are reduced to the appearance of an 
earthy pulverulent matter : In this ftate, metals mud 
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not be confidered as entirely faturated with oxygen, 
becaufe their action upon this element, is counter-ba- 
lanced by the power of affinity between it and the ca- 
loric. During the calcination of metals, the oxygen is 
therefore acted upon by two feparate and oppofite 
powers, that of its attraction for caloric, and that ex- 
erted by the metal ; and it only tends to unite with 
the metal in confequence of the excefs of the latter 
power over the former, which is, in general, very incon- 
fiderable. Wherefore, when metallic fubftances arc 
oxygenated in atmofpheric air, or in oxygen gas, they 
are not converted into acids, like fulphur, phofphorus, 
and carbon, but are only changed into intermediate 
fubftances, which, though approaching to the na- 
ture of falts, have not acquired all the faline proper- 
ties. 

The older chemifts have affixed the name of calx not 
only to metals in this ftate, but to every body which 
has been long expofed to the action of fire without be- 
ing melted. They have employed this word calx as a 
generical term ; under which they confound calcare- 
ous earth, which, from a neutral fait, which it really 
was before calcination, has been changed by fire into 
an earthy alkali, by lofing half of its weight ; and me- 
tals, which, by the fame means, have joined themfelves 
to a new fubftance, the added quantity of which often 
exceeds half their weight, and by the addition of which 
they have been changed almoft into the nature of 
acids. This mode of claffifying fubftance's, of fo very 
oppofite natures, under the fame generic name, would 
have been quite contrary to our principles of nomen^ 
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clature ; cfpccially as, by retaining the above term for 
this ftate of metallic fubftances, we mud have conve) ed 
very falfe ideas of its nature. We have, therefore, 
laid afide the expreffion metallic calx altogether, and 
have fubftituted in its place the term oxyd, from the 
Greek word o&« 

By this readinefs for fupplying appofite terms, it is 
evident that the language we have adopted is both co- 
pious and expreflive. The firfl or loweft degree of 
oxygenation in bodies, converts them into oxyds ; a 
iecond degree of additional oxygenation conititutes 
that clafs of acid, of which the fpecilic names, drawn 
from their particular bafes, terminate in ous, as the 
nitrous and fulphurous acids ; the third degree of oxy- 
genation changes thefe into that divifion of acids, which 
are diftinguifhed by the termination in ic, as the nitric 
andfu/phuric acids ; and laftly, we can exprefs a fourth 
or highefl degree of oxygenation, by adding the word 
oxygenated to the name of the acid, as has been already 
done with the oxygenated muriatic acid. 

We have not confined the term oxyd to the purpofc 
of expreffing the combination of metals with oxygen, 
but have extended it to fignify that firft degree of oxy- 
genation in all bodies, which without converting them 
into acids, caufes them to approach to the nature of 
fats. Thus, we give the name of oxyd of fulphur to 
that foft fubftance into which fulphur is converted by 
incipient or imperfect combuftion ; and we call the 
yellow matter left by phofphorus, after combuftion, by 
the name of oxyd of phofphorus. In the lame manner, 
nitrous gas, v/hich is azot in its firfl degree of oxyge- 
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tion, is the oxyd ofazot*. We have likewife oxyds in 
great numbers from the vegetable and animal king- ' 
doms ; and I mall mew, in the fequel, that this new- 
language throws great light upon all the operations of 
arts and nature. 

We have already obferved, that almofl all the me- 
tallic oxyds have peculiar and permanent colours. 
Thefe vary not only in the different fpecies of metals, 
but even according to the various degrees of oxygena- 
tion in the fame metal. Hence we are under the ne- 
ceflity of adding two epithets to each oxyd, one of 
which indicates the metal oxydatcd t, while the other 
indicates the peculiar colour of the oxyd. Thus, we 
have the black oxyd of iron, the red oxyd of iron, and 
the yellow oxyd of iron ; which expreffions refpeclive- 
Iy anfwer to the unmeaning terms of martial ethiops, 
colcothar, and ruft of iron, or ochre. We have like- 
wife the grey, yellow, and red oxyds of lead, which 
anfwer to the equally falfe or infignificant old terms, 
litharge, afhes of lead, mafficot, and minium. 

Thefe denominations fometimes become rather long, 
efpecially when we mean to indicate whether the me- 



' Mr. Lavofier here ufes the term oxyd ofazot, but it is no where elfe adopt- 
ed in the new nomenclature ; though, as I have mentioned in a former note.ic 
is msre legitimate than the term nitrous gas ; which laft he has retained, both 
becaufe it has long been employed, and chiefly becaufe, as a familiar term in 
chemiftry, it conveys no ideas contradictory to the real nature of the fubltance 
it is meant to exprefs. — T. 

f Here we fee the word oxyd converted into the verb to oxydaie, oxyJjted, 
txydating, after the fame manner, with the derivation of the verb to cxygcnite, 
oxygenate/, oxygenating, from the word oxygen. I am not clear of the abfolute 
neceffity of this fecond verb heie firft introduced, but think, that, in a work of 
this nature, it is the duty of the tranflator to neglect every ether confederation 
for the fake of ftrift fidelity to the ideas of his author.— T. 
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tal has been oxydated . in the air, by detonation with 
nitre, or by means of acids ; but then they always con- 
vey juft and accurate ideas of the correfponding objects 
which we wifh to exprefs by their life. All this will 
be rendered perfectly clear and diftinc~t by means of 
the tables which are added to this work. 
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CHAPTER VIII. 



Of the Radical Principle of Water, and of its Decompo- 
fition by Charcoal and Iron. 



UNTIL very lately, water lias always been thought 
a fimple fubftance ; infomuch that the older chemifts 
confidered it as an element. Such it undoubtedly was 
to them, as they were unable to decompofe it ; or, at 
leaft, fince the decompofition which took place daily 
before their eyes, was entirely unnoticed. But we 
mean to prove, that water is by no means a fimple or 
elementary fubftance. I fhall not here pretend to give 
the hiftory of chis recent, and hitherto contefted difco- 
very, which is detailed in the Memoirs of the Academy 
for 1 78 1, but (hall only bring forward the principal 
proofs of the decompofition and compofition of water ; 
and I may venture to fay, that thefe will be convincing 
to fuch as confider them impartially. 

EXPERIMENT FIJtST. 

Having fixed the glafs tube EF, Plate VII, Fig. n, 
of from 8 to 12 lines diameter, acrofs a furnace, with- 
a fmall inclination from E to F; lute the fuperior 
extremity' E to the glafs retort A, containing a deter- 
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mfnate quantity of diftillcd water ; and to the fuperior 
extremity F, lute the worm S s , fixed into the neck of 
the doubly tubulated bottle H ; which laft has the bent 
tube KK adapted to one of its openings, in fuch a man- 
ner as to convey fuch aeriform fluids or gales as may 
be difengaged during the experiment, into a proper 
apparatus for determining their quantity and nature. 

To render the fuccefs of this experiment certain, it 
is neceflary that the tube EF be made of well annealed 
and difficultly fufible glafs, and that it be coated over 
with a lute compofed of clay mixed with powdered 
flone ware ; befides which, it mult be fupported about 
its middle by means of an iron bar palled through the 
furnace, left it mould foften and bend during the ex- 
periment. A tube of China-ware or porcelain, would 
anfwer better than one of glafs in this experiment, were 
it not difficult to procure one fo entirely free from pores. 
as to prevent the paflage of the air or vapours. 

When things are thus arranged, a fire is lighted in 
the furnace EFCD, which is fupported of fuch a 
flrength as to keep the tube EF red hot, but not to 
make it melt ; and, at the fame time, fuch a fire is 
kept up in the furnace VVXX, as to keep the water 
in the retort A continually boiling. 

In proportion as the water, in the retort A, is eva- 
porated, it fills the tube KF, and drives out the air con- 
tained through the tube KK ; the aqueous gas formed 
by evaporation is condenfed by cooling in the worm 
SS, and falls, drop by drop, into the tubulated bottle 
H. Having continued this operation until all the wa- 
ter be evaporated from the retort, and haing carefully 
emptied all the veffels employed, we find that a quantity 
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of water has palled over into the bottle H, exaftly 
equal to what was before contained in the retort A, 
without any difengagement of gas whatfoever : So that 
this experiment turns out to be a fnnple diftillation ; 
and the refult would have been exactly the fame, if 
the water had been run from one veffel into the other, 
without having undergone the intermediate incandef- 
cence, by paffing through the red-hot tube EF. 

EXPERIMENT SECOND. 

The apparatus being difpofed, as in the former ex- 
periment, 28 grs. of charcoal, broken into moderately 
fmall parts, and which has previoufly been expofed for 
a long time to a red heat in clofe vefTels, are introduc- 
ed into the tube EF : Every thing elfe is managed ex- 
actly as in the preceding experiment. 

The water, contained in the retort A, is diftilled, as 
in the former experiment, and, being condenfed in 
the worm SS, falls into the bottle H ; but, at the fame 
time, a confiderable quantity of gas is difengaged, 
which, efcaping by the tube KK, is received in a con- 
venient apparatus for that purpofe. After the opera- 
tion is finifhed, we find nothing but a few atoms of 
afhes remaining in the tube EF ; the 28 grs. of char- 
coal having entirely difappeared. 

When the difengaged gafes are carefully examined, 
they are found to weigh 1 13.7 grs.* ; thefe are of two 
kinds, viz. 144 cubical, inches of carbonic acid gas, 

* In the latter part of this work, will be found a particular account of the 
proceffes neceffary for feparating the different kinds of gafes, and fir ileter- 
mining their q\iantitie«, and the particular natures of each.— T. ^ 
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weighing ioo grs. and 380 cubical inches of a very 
light gas, weighing only 13.7 grs. this latter gas takes 
fire when in contact, with air, by the approach of a 
lighted body ; and when the water which has pafled 
over into the bottle H is carefully examined, it is found 
to have loft 85.7 grs. of its weight. Hence, in this 
experiment, 85.7 grs. of water, joined to 28 grs. of 
charcoal, have combined in fuch a way as to form 100 
grs. of carbonic acid, and 13.7 grs. of a particular gas 
capable of being burnt. 

I have already mown, that 1 00 grs. of carbonic acid 
gas confift of 72 grs. of oxygen, combined with 28 grs. 
of carbon ; hence the 28 grs. of charcoal placed in the 
glafs tube have acquired 72 grs. of oxygen from the 
water ; and it follows that 85.7 grs. of water are com- 
pofed of 72 grs. of oxygen, combined with 13.7 grs. 
of gas fufceptible of combuftion. We mall fee pre- 
fently that this gas cannot poflibly have been difengag- 
ed from the charcoal, and muft confequently have 
been produced from the water. 

I have fupprefled fome circumftances in the above 
account of this experiment, which would only have 
rendered it complicated, and made its refults obfeure 
to the reader. For inftance, the inflammable gas dif- 
folves a very fmall part of the carbon, by which means 
its own weight is fome what augmented, and that 
of the carbonic gas is proportionally diminifhed. 
Although the alteration produced by this circumftance 
is very inconfiderable, yet I have thought it neceflary 
to determine its effects by a rigid calculation, and to 
report, as above, the refults of the experiment in a 
nullified Hate, as if the circumftance had not hap- 
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pened. At any rate, fhould any doubts remain refpett- 
ing the confequences I have drawn from this experi- 
ment, they will be fully diffipated by the following 
experiments, which I am going to adduce in fupport 
of my opinion. 

EXPERIMENT THIRD. 

The apparatus being difpofed exactly as in the for- 
mer experiment, with this difference, that inftead of 
the 28 grs. of charcoal, the tube EF is filled with 274 
grs. of foft iron, in thin plates, rolled up fpirally ; the 
tube is made red hot by means of its furnace, and the 
water, in the retort A, is kept conftantly boiling till it 
be all evaporated, and has paffed through the tube EF, 
to be condenfed in the bottle H. 

No carbonic acid is difengaged in this experiment ; 
inftead of which we obtain 416 cubical inches, or 15 
grs. of inflammable gas, thirteen times lighter* than 
atmofpheric air. By examining the water which has 
been diftilled, it is found to have loft 100 grs. and the 
274 grs. of iron confined in the tube are found to have 
acquired 85 grs. additional weight, and its magnitude 
is confiderably augmented. The iron is now hardly 
attractable by the magnet ; it diffolves in acids without 
effervefcence ; in fhort, it is converted into a black 
oxyd, precifely fimilar to that produced by the com- 
buftion of iron in oxygen gas. 

* This I conceive to be a very improper expreffion. I underftand the mean- 
ing of one fubltance being thirteen times heavier than ano'her, but I do not 
underftand how one can be thirteen times lighter. One-thirteenth o! the 
weight of the heavier would be the proper expreffion for implying the compa- 
rative gravity of the lighter body.— T. 
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In this experiment we have a true oxydation of iron 
by means of water, exactly fimilar to that produced in 
air by the afliftance of heat. One hundred grains of 
water having been decompofed, 85 grs. of oxygen have 
combined with the iron, fo as to convert it into the 
ftate of black oxyd, and 1 5 grs. of a peculiar inflamma- 
ble gas are difengaged : From all this it clearly follows, 
that water is compofed of oxygen combined with the 
bafe of an inflammable gas, in the refpe&ive proportion 
of 85 parts by weight of the former, to 15 parts of 
the latter. 

Thus water, befides the oxygen, which is one of its 
elements, as it is of many other fubftances, contains 
another element as its conftituent bafe or radical, and 
for this proper principle or element we mult find an 
appropriate term. None that we could think of feem- 
ed better adapted than the word hydrogen, which fig- 
nifies the generative principle of water, from «&■? aqua, 
and yE*»*^«« gignor*. We call the combination of this 
element with caloric hydrogen gas ; and the term hy- 
drogen f exprefles the bafe of that gas, or the radical 
of water. 

* This exprcflion Hydrogen, has been very feverely criticifed by fome, who 
pretend that it fignifics engendered by water, and nnt that which ngendcrs 
water. I am not Grecian enough to fettle the grammatical difpute, but the 
experiments related in thi- chapter pn.ve, that, when wa.eris decompofed, 
hydrogen is pr duced, and that, wh,n hy.Irogen is combined with oxygen, 
water is produced ; hence we may fay, with equal truth . that water is produced 
from hydrogen, or hydregtnis produced from wattr. — T. 

f In a former note, it is mentioned tli3t this element appears to be the bafe 
of muriatic acid, 3rd that, i; the d fcovery be authentic, it might more pro- 
perly he name^ muriogen ; in this • afe what the o <ler cliemift? named nflani- 
nidhle air, will become, in th- new nomenclature, muriogen gas, and water » 
become a real oxyd of muriogen. — T. 
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This experiment furnimes us with a new combufti- 
ble body, or, in other wonis, a body which has fo 
much affinity with oxygen as to draw it from its con- 
nection with caloric, and to decompofe oxygen gas. 
This combuftible body has itfelf fo great an affinity 
with caloric, that, unlefs when engaged in a combina- 
tion with lbme other body, it always lubfifts in the aeri- 
form or gafeous Mate, in the uiual temperature and 
preffure of our atmo.'phere. In this ftate of gas it is 
about tt of the weight of an equal bulk of atmofphe- 
ric air ; it is not abforbed by water, though it is capa- 
ble of holding a fmall quantity of that fluid in folution ; 
and it is incapable of being ufed for refpiration, without 
producing inftant death. 

As the property of burning, which this gas pofTeffes 
in common with all other combuftible bodies, is mere : 
ly the power of decompofing air, and carrying off its 
oxygen from the caloric with which it is combined, it 
is eafily underftood that it cannot burn, unlefs in con- 
tact with air or oxygen gas. Hence, when we fet fire 
to a bottle full of this gas, it burns gently, firft at the 
neck of the bottle, and then in the infide of it, in pro- 
portion as the external air gets in: This combuftion is 
flow and fucceflive, and only takes place at the furface 
of contact between the two gafes. It is quite different 
when the two gafes are mixed before they are fet on 
fire ; If, for inftance, after having introduced one part 
of oxygen gas into a narrow-mouthed bottle, we fill it 
up with two parts of hydrogen gas, and bring a lighted 
taper, or other burning body, to the mouth of the bot- 
tle, the combuftion of the two gafes takes place inftan- 
taneoufly with a violent explofion. This experiment 
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ought only to be made in a bottle of very ftrong green 
glafs, holding not more than a pint, and ftrongly 
wrapped round with twine, otherwife the operator will 
be cxpofed to great danger from the rupture of the 
bottle, of which the fragments will be thrown about 
with great force. 

If all that has been related above, concerning the 
decompofition of water, be exactly conformable to 
truth ; if, as I have endeavoured to prove, that fub- 
ftance be really compofed of hydrogen, as its proper 
constituent element, combined with oxygen, it ought 
to follow, that by reuniting thefe two elements together, 
we mould recompofe water ; and that this actually 
happens, may be judged of by the following experi- 
ment. 

EXPERIMENT FOURTH. 

I took a large cryftal balloon, A, PL IV, Fig. 5, 
holding about 30 pints, having a large opening, to 
which was cemented the plate of copper BC, pierced 
with four holes, in which four tubes terminate. The 
firfl tube H h, is intended to be adapted to an air-pump, 
by which the balloon may be exhaufled of its air. 
The fecond tube gg, communicates, by its extremity 
MM, with a refervoir of oxygen gas, from which the 
balloon is to be filled. The third tube d D d', commu- 
nicates by its extremity d N N, with a refervoir of hy- 
drogen gas. The extremity d' of this tube terminates 
in a capillary opening, through which the hydrogen 
gas contained in the refervoir, is forced, with a mode- 
rate degree of quicknefs, by the prefTure of one or two 
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inches of water. The fourth tube contains a metallic 
wire GL, having a knob at its extremity L, intended 
for giving an electrical fpark from L to d', on purpofe 
to fet fire to the hydrogen gas : This wire is moveable 
in the tube, that we may be able to feparate the knob 
L from the extremity d' of the tube D d\ The 
three tubes d D d', gg, and Hh, are all provided with 
ftop-cocks. 

That the hydrogen gas and oxygen gas may be as 
much as poffible deprived of water, they are made to 
pafs, in their way, to the balloon A, through the tubes 
MM, NN, of about an inch diameter, and thefe are 
filled with falts, which, from their deliquefcent nature, 
greedily attract the moifture of the air : Such are the 
acetite of potafh, and the muriat or nitrat of lime*. 
Thefe falts muff only be reduced to a coarfe powder, 
left they run into lumps, and prevent the gafes from 
getting through their interftices. 

We mufl be provided before-hand with a fufficient 
quantity of oxygen gas, carefully purified from all ad- 
mixture of carbonic acid, by long contact with a folu- 
tion of potafhf. 

We muft likewife have a quantity of hydrogen gas, 
equal to twice the bulk of the oxygen gas, and con- 
tained in a feparate refervoir : this mufl be carefully 
purified in the fame manner by long contact with a fo- 

* See the nature of thefe falts in thefecond part of this book.— A. 

f By pota(h is here meant, pure or cauftic vegetable alkali, deprived of car- 
bonic acid by means 01 quick-lime. In general, we may obferve here, that all 
the alkalies and earths muft invariably be confidcrcd as in their pure orcautti, 
ftate, unlefj otherwirc expreffed — T. The method of obtaining tfiis pure al- 
kali of potafh will be given in the fcquel.— A 
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lution of potafli in water. The beft way to obtain this 
gas free from mixture is, by dccompofing water with 
pure foft iron, as directed in Exp. 3. of this chapter. 

Having adjufted every thing properly, ag above di- 
rected, the tube H h is adapted to an air-pump and the 
balloon A is exhaufled of its air. We next admit the 
oxygen gas, fo as to fill the balloon ; and then, by 
means of preffure, as is before mentioned, force a fmali 
dream of hydrogen gas, through its tube D d, to which 
we immediately fet fire by an electrical fpark. By 
means of the above defcribed apparatus, we can conti- 
nue the mutual combuftion of thefe two gafes for a 
long time ; as we have the power of fupplying th .111, 
to 'the balloon, from their refervoirs, in proportion as 
they are confumed. I have in another place * giveo a 
minute defcription of the apparatus ufed in this experi- 
ment, and have explained the manner of afcertaining 
the quantities of the gafes confumed with the mod 
fcrupulous exactitude. 

In proportion to the advancement of the combuftion, 
there is a depofition of water upon the inner furface 
of the balloon or matrafs A : The water gradually in- 
creafes in quantity, and, gathering into large drops, 
runs down to the bottom of the vefTel. It is eafy to 
afcertain the quantity of water colle&ed, by weighing 
the balloon both before and after the experiment. 
Thus we have a twofold verification of our experiment, 
by afcertaining both the quantities of the gafes employ- 
ed, and of the water formed by their combuftion : Thefe 
two quantities mufl be equal to each other. By an 
operation of this kind, Mr. Meufnier and I afcertained 

* See the third part of this work.— A. 
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that it required 85 parts by weight, of oxygen, united to 
15 parts of hydrogen, to compofe one hundred parts 
of water. This experiment, which has not hitherto 
been publifhed, was made in prefence of a numerous 
committee from the Academy of Sciences. We ex- 
erted, on that occafion the mod fcrupulous attention 
to accuracy ; and have reafon to believe that the above 
proportions cannot vary a two hundreth part from ab- 
folute truth. 

From thefe experiments, both analytical and Synthe- 
tic, we may now affirm, that we have ascertained with 
as much certainty as is poffible in phyfical or chemical 
Subjects, that water is not a fimple elementary Sub- 
Stance, but is compofed of two elements, oxygen and 
hydrogen ; which elements, when exifting Separately, 
have fo ftrong an affinity for caloric, as only to fubfift 
under the form of gas in the common temperature and 
preffure of our atmofphere. 

This decomposition and rccompofition of water is 
perpetually operating before our eyes, in the tempera- 
ture cf the atmofphere, by means of compound elec- 
tive attractions. We fh .11 prefently fee that the phe- 
nomena attendant upon vinous fermentation, putre- 
faction, and even vegetation, are produced, at lead in 
a certain degree, by the decomposition of water. It 
is very extraordinary that this fad mould have hitherto 
been overlooked by natural philofophers and chemifts. 
Indeed, it ftrongly proves, that, in chemiftry, as in na- 
tural philofophy, it is extremely difficult to overcome 
prejudices imbibed in early education, and to fearch 
for truth in any other road than the one we have been 
accuftomed to follow. 

r 
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I fhall finifh this chapter with an account of an expe- 
riment, much lcfs demonstrative indeed than thofc al- 
ready related, but which has appeared to make more 
impreflion than any other upon the minds of many. 
When 1 6 ounces of alcohol are burnt in an apparatus* 
properly adapted for collecting all the water difengaged 
during the combuftion, we obtain from 1.7 to 1 8 ounces 
of water. As no fubftancc can furnifh a product larg- 
er than its original bulk, it is evident that fomething 
muft have united with the alcohol during its combuf- 
tion ; and I have already fliewn that this mud be oxy- 
gen. Thus alcohol contains hydrogen, which is one 
of the elements of water ; and the atmofphcric air 
contains oxygen, which is the other element neceflary 
to the compofition of water |. This experiment is a 
new proof that water is a compound fubftance. 

* Sec an account of this apparatus in the third part of this work. — A. 

f A large quantity of carbonic acid gas i< likewife difengaged during the 
combuftion of alcohol; this proceeds from the combination of carbon, con- 
tained along with hydrogen in the compofition of the alcohol, with oxygen 
during the combuftion. This latter circumftance is explained at large in the 
parts of this work.— T 
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CHAPTER IX. 



Of the Quantities of Caloric difengaged during different 
Species of Combujlion. 



IT has been already mentioned, that when equal 
quantities of different bodies are burnt in the centre of 
a hollow fphere of ice, and are fupplied with air at the 
temperature of 3 2°, the quantities of ice melted from 
the infide of the fphere, become meafures of the rela- 
tive quantities of caloric difengaged during the feveral 
combuftions. Mr. de la Place and I have given a de- 
icription of the apparatus employed for this kind of ex- 
periment in the Memoirs of the Academy for 1780, p. 
355 ; and a defcription and plate of the fame apparatus 
will be found in the third part of this work. With 
this apparatus, phofphorus, charcoal, and hydrogen 
gas, gave the following refults. 

One pound of phofphorus melted 100 libs* of ice. 

One pound of charcoal melted 96.5 libs. 

One pound of hydrogen gas melted 295.5895 libs. 

As a concrete acid is formed by the combufiion of 

* In the original, the quan'ities rcfulting from the feveral experim nts men- 
tioned in toil Chapter, are given in pounds, ounces, gros, and grains; but as 
the fubjedt is curious and interesting, they are here reduced to decimals of the 
pound, by which they become equally ufeful to the Brkifii as to the Trench 
reader. — T. 
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phofphorus, it is probable that very little caloric l 
mains in the acid ; and, confequently, that the above- 
experiment gives us very nearly the v hole quantity of 
caloric contained in the oxygen gas. Even if we fup- 
pofe the phofphoric acid to contain a good deal of cal- 
oric, yet, as the phofphorus mull have contained nearly 
an equal quantity before combuflion, the error mult 
be very fmall, as it will only confifl of the difference 
between what was contained in the phofphorus before, 
anc[ in the phofphoric acid after combuflion. 

I have already mown in Chapter V, that one pound 
of phofphorus abforbs one pound eight ounces of oxy- 
gen during combuflion ; and, fince by the fame ope- 
ration, ioo libs, of ice are melted, it follows, that the 
quantity of caloric contained in one pound of oxygen 
8 capable of melting 66.666y libs, of ice. 

One pound of charcoal during combuflion melts 
only 96.5 libs, of ice, while it abforbs 2.5714 libs, of 
oxygen. By the experiment with phofphorus, this 
quantity of oxygen gas ought to difengage a quantity 
of caloric iufficient to melt 171.414 libs, of ice ; confe- 
quently, during this experiment, a quantity of caloric 
fuflicient to melt 74.914 ///at. of ice difappears. Car- 
bonic acid is not, like phofphoric acid, in a concrete 
flate after combuflion, but in the flate of gas, and re- 
quires to be united with caloric to enable it to fubfifl 
in that flate; and the quantity of caloric which is 
miffing in the lafl experiment is evidently employed for 
that purpofe. When we divide that quantiiy by the 
weight of carbonic acid, formed by the combuflion of 
one pound of charcoal, we find that the quantity of 
-caloric, neceffary for changing one pound of carbonic 
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acid from the concrete to the gafeous ftate, would be 
capable of melting 20.9766 libs, of ice. 

We may make a fimilar calculation with the com- 
buftion of hydrogen gas and the coniequent formation 
of water : During the combuftion of one pound of 
hydrogen gas, 5.666J libs of oxygen gas areabforbed, 
and 295.5895 libs, of ice are melted. But ^.666y libs. 
of oxygen gas, in changing from the aeriform to the 
folid ftate, lofe, according to the experiment with 
phofphorus, enough of caloric to have melted 377.7534 
libs, of ice. There is only difengaged, from the fame 
quantity of oxygen, during its combuftion with hydro- 
gen gas, as much caloric as melts 295.1523 libs.; 
wherefore there remains in the water at 32 , which is 
formed during this experiment, as much caloric as 
would melt 82.621 1 libs, of ice. 

Hence, as 6.666y libs, of water are formed, from 
the combuftion of one pound of hydrogen gas, with 
5.666y libs, of oxygen ; it follows, that in each pound 
of water, at the temperature of 32 , there exifts as 
muchcaloric as would melt 12.2708 libs, of ice ; with- 
out taking into account the quantity originally contain- 
ed in the hydrogen gas, which we have been obliged 
to omit, for want of data to calculate its quantity*. 

From the general principles of the new chemical philofophy, hydregtn gas 
ought to cenrain a much larger quantity of caloric for givii g it tht gal'«..;iu 
ilate than oxyg.n gss. Being thiit en times as rare, it maybe fuppofed to 
contain thirteen times as much caloric Hence, if all ths caloric of the two 
jrafts were difengaged during their combuftion, and the confrquenr formation 
of water, 1244.4167 His. of ice fhould have been melted; but only Z95. 52 tits. 
are melted ; and therefore, on this fuppofition, the remaining caloric in 6.6667 
His. of water would be able to melt 94.9264;? libs, of ice ; or each pound of 
water at the temperature of 3a , fhould contain as much caloric as is fufficient 
to melt 1 4% His of ice nearly, which is al.furd ; for one pound ol water at 32°, 
muft contain precifely as much caloric as is neceflary to melt one pound of ice* 
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From this it appears, that water, even in the ftate of 
ice, contains a confiderable quantity of caloric, and 
that oxygen, in entering into the combination, retains 
likewifc a good proportion. 

From thefe experiments, we may alfume the follow- 
ing remits as fufficiently eftablifhed. 

Combujiion of Phofphorus. 

From the combuflion of phofphorus, as related in 
the foregoing experiments, it appears, that one pound 
of phofphorus requires 1.5 lib. of oxygen gas for its 
combuftion; and that 2.5 libs, of concrete phofphoric 
acid are produced. 

The quantity of caloric difengaged by the 
combuftion of one pound of phofphorus, 
expreifed by the number of pounds of 
ice melted during that operation, is 100.00000 

The quantity difengaged from each pound 
of oxygen during the combuftion of 
phofphorus, expreifed in the fame man- 
ner, is 66.6666j 
The quantity difengaged during the forma- 
tion of one pound of phofphoric acid, is 40.00000 
The quantity remaining in each pound of 

phofphoric acid, is* o.ocooo 

This (hews the fallacy of all reafoning? drawn from the fuppofable quantities 
of caloric in bodies ; and that We are hitherto very far from polTefling any 
accurate knowledge of that part of chemiftry in which caloric is concern- 
ed.-T. 

* We here fuppofe the phofp!-oric acid not to contain any caloric, which is 
not ftricUy true ; but, as I have obferved, the quantity it really contains it 
probably very fmall, and we have not given it a value, for want of fufficicnt 
data to go upon.— A. 
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Combujiion of Charcoal. 

In the combuftion of one pound of charcoal, 2.5714 
libs, of oxygen gas are abforbed, and 3.5714 libs, of 
carbonic acid gas are formed : Hence, the 
Caloric difengaged during the combuftion 

of one pound of charcoal*, 96.50000 

Caloric difengaged during the combuftion 

of charcoal, from each pound of oxygen 

gas abforbed, 37.52823 

Caloric difengaged during the formation of 

one pound of carbonic acid gas, 27.02024 

Caloric retained by each pound of oxygen 

after combuftion, 29.13844 

Caloric neceflary for fupporting one pound 

of carbonic acid in the ftate of gas, 20.97960 

Combujiion of Hydrogen Gas. 

In the combuftion of one pound of hydrogen gas, 
5.667 libs, of oxygen gas are abforbed, and 6.666y libs. 
of water are formed : Hence, the 
Caloric difengaged from each lib. of hydro- 
gen gast, 295.58950 
Caloric difengaged from each lib. of oxygen 

gas, 52.1625c 

* All there relative quantities of caloric are exprefled by the number of 
pounds of ice, and decimal parts, melted during the fcveral operations. — T. 

f We are no where told upon what data Mr. Lavoifier proceeds for ascer- 
taining the qiiantity of caloric difengaged during the combuftion of each 
pound of hydrogen gas. In a former note I have fuppofrd that it might l>- 
thirteen times as much as that of wat-r ; hence it would b« 628 i; ; 
the above nnmber — T. 
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Caloric difengaged during the formation of 

each pound of water, 44,33840 

Caloric retained by each lib. of oxygen after 
combuftion with hydrogen, 14.50386 

Caloric retained by each lib. of water, at the 

temperature of32°, 12.32823 

Of the Formation of Nitric Acid. 

When nitrous gas is combined with oxygen gas, fo 
as to form nitric or nitrous acid, a degree of heat is 
produced, which is much lefs confiderable than what 
is evolved during the other combinations of oxy 
whence it follows, that oxygen, when it becomes nx-d 
in nitric acid, retains a great part of the heat which 
it poffeffed in the ftate of gas. It is certainly poflible 
to determine the quantity of caloric which is difengaged 
during the combination of thefe two gafes, and confe- 
quently to determine what quantity remains after the 
combination takes place. The firfl of thefe quantities 
might be afcertained, by making the combination of 
the two gafes in an apparatus furrounded by ice ; but, 
as the quantity of caloric difengaged is very inconfider- 
able, it would be neceffary to operate upon a large 
quantity of the two gafes, and in a very troublefome 
and complicated apparatus. By this confideration, 
Mr. de la Place and I have hitherto been prevented 
from making the attempt. In the mean time, the place 
of fuch an experiment may be fupplied by calculations, 
the refults of which cannot be very far from truth. 

Mr. de la Place and I deflagrated a convenient quan- 
tity of nitre and charcoal in an ice apparatus, and found 
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that twelve pounds of ice were melted by the deflagra- 
tion of one pound of nitre. We fhall fee, in the fequel, 
that one pound of nitre is compofed, as under, of 

Potafh 7 oz. 6 gros 51.84 ^.=4515.84 grs. 
Dry acid 8 1 21.16 =4700.16 

The above quantity of dry acid is compofed of 

Oxygen 6 oz. 3 gros 66.34 £^•=3738. 34 grs. 
Azot 1 5 25.82 = 961.82 

By this we find, that, during the above deflagration, 
145) grs. of carbon* have fuffered combuftion, along 
with 3738.34 grs. or 6 oz. 3 gros 66.34 grs. of oxygen. 
Hence, fince 1 2 libs, of ice were melted during the com- 
buftion, it follows, that one pound of oxygen burnt in 
the fame manner would have melted 29.5832 libs, of 
ice. To which if we add the quantity of caloric retained 
by a pound of oxygen, after combining with carbon to 
form carbonic acid gas, which was already afcertained 
to be capable of melting 29.13844 libs, of ice, we mail 
have for the total quantity of caloric remaining in a 
pound of oxygen, when combined with nitrous gas in 
the nitric acid, 53.72164; which is the number of 
pounds of ice the caloric remaining in the oxygen in 
that ftate is capable of melting. 

We have before feen, that, in the ftate of oxygen 
gas, it contained at leaft 66.6666y ; wherefore it fol- 

* From this it appears, that the proportions ufed by Mr. Lavoifier were i 
lib. 9216 grs. of nitre to ^ gros i 1-3 grt . or 145-34 grs. of charcoal, though he 
has not chofen to mention it in dirtel ferras.-T. 
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lows, that, in combining with azot to form nitric acid, 
it only lofes 7.94502. Farther experiments upon this 
fubject are neceffary to afcertain how far the refults of 
this calculation may agree with direct fact. This 
enormous quantity of caloric, retained by oxygen in its 
combination into nitric acid, explains the caufe of the 
great difengagement of caloric during the deflagrations 
of nitre ; or, more ftri&ly fpeaking, upon all occafions 
of the decompofition of nitric acid. 

Of the Combujiion of Wax. 

Having examined feveral cafes of fimple combuftion, 
I mean now to give a few examples of a more complex 
nature. One pound of wax-taper being allowed to 
burn flowly in an ice apparatus, melted 133.1667 libs. 
of ice. According to my experiments, as given in the 
Memoirs of the Academy for 1784, p. 606, one pound 
of wax-taper confifts of 0.8228 libs, of carbon, and 
0.1772 libs, of hydrogen. 

By the foregoing experiments, 
the above quantity of carbon 
ought to melt, 79*3939° ^ibs. of ice; 

And the hydrogen mould 
melt -... 52.37605 



In all 131.76995 libs. 
Thus we fee, that the quantity of caloric difengaged 
from a burning taper is nearly conformable to what 
was obtained by burning feparately a quantity of car- 
bon and hydrogen equal to what enters into its com- 
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; 

pofition. Thefe experiments with the taper were fevc- 
ral times repeated, fo that I have reafon to believe them 
accurate. 

Combajiion of Olive-Oil. 

We included a burning lamp, containing a determi- 
nate quantity of olive-oil, in the ordinary apparatus ; 
and, when the experiment was finifhed, we afcertained 
exaclly the quantities of oil confumed, and of ice melt- 
ed ; the refult was, that, during the combuftion of one 
pound of olive-oil, 148.8828 libs, of ice were melted. 
By my experiments in the Memoirs of the Academy 
for 1784, and of which the following chapter contains 
an abftracl:, it appears that one pound of olive-oil con* 
fifts of 0.7896 libs, of carbon, and 0.2104 libs, of hy- 
drogen. By the foregoing experiments, that quantity 
mould melt of carbon 76.18723 libs, of ice, and the 
quantity of hydrogen in a pound of the oil mould melt 
62.15053 libs. The fum of thefe two gives 138.33776 
libs, of ice, which the two conftituent elements of the oil 
would have melted, ha<l they feparately fuffered com- 
buftion ; whereas the oil had really melted .148.88330 
libs, which gives an excefs of 10.54554 in the refult of 
the experiment, above the calculated refult, from data 
furnifhed by former experiments. 

This difference, which is by no means very confider- 
able, may arife from errors which are unavoidable in 
experiments of this nature, or it may be owing to the 
compofition of oil not being as yet exactly afcertained : 
It proves, however, that there is a great agreement 
between the refults of our experiments, refpe&ing the 
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combination of caloric, and thofc which regard its dii- 
gement. 
The following defiderata flill remain to be deter- 
mined ; viz. What quantity of caloric is retained by 
oxygen, after combining with metals to convert them 
into oxyds ; What quantity is contained by hydrogen, 
in its different ftates of exigence ; and, To afcertain 
with more precifion than is hitherto attained, how 
much caloric is difengaged during the formation of 
water, as there flill remain confiderable doubts with 
refpect. to our prefent determination of this point, which 
can only be removed by farther experiments. We are 
at prefent occupied with this inquiry ; and, when thefe 
fevcral points are well afcertained, which we hope 
they will foon be, we fha.ll probably be under the ne- 
ceffity of making confiderable corrections upon moft 
of the refults of the experiments and calculations in 
this chapter. I did not, however, confider this as a 
fufficient reafon for withholding fo much as is already 
known, from fuch as may be inclined to labour upon 
the fame fubje£t. It is difficult in our endeavours to 
difcovcr the principles of a new fcience, to avoid begin- 
ning by conjecture ; and it is rarely poffible to attain 
perfection at the firft fetting out. 
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CHAPTER X. 



Of the Combinations of Combujlible Sub/iances with 
each other. 



AS combuftible fubftances in general have great 
affinity for oxygen, they ought likewife to attract, or 
tend to combine with, each other ; Qucefunt eadem uni 
tertio,funt eadem inter fe ; and the axiom is found to 
be true. Almoft all the metals, for inftance, are ca- 
pable of uniting with each other, and of forming what 
are called alloys* in common language. Moft of thefe, 
like other chemical combinations, are fufceptible of 
feveral degrees of faturation. The greater number of 
alloys are more brittle than the pure metals of which 
they are compofed, efpecially when the metals alloyed 
together are confiderably different in their degrees of 
fufibility. To this difference in fufibility, part of the 
phenoma attendant upon alloyage are owing ; particu- 
larly that property of iron called by workmen hotfoort. 
This kind of iron mufl be confidered as an alloy or 
mixture of pure iron, which is almoft infufible, with a 



* This term alloy, which we have from the language of the arts, ferves ex- 
ceedingly well for tiilHnguifhing al! the combinations or intimate unions of 
naitals with each other, and is adopted in our new nomenclature for that pur- 
pofe.— A. 
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fmall portion of fome other metal, which fufes in a 
much lower degree of heat : So long as this alloy re- 
mains cold, and both metals are in a folid (late, the 
mixture is malleable ; but when heated to a fufficient 
degree to liquify the more fufible metal, the particles 
of this liquid metal, which are interpofed between the 
particles of the folid iron, muft deftroy their continuity, 
and occafion the alloy to become brittle. The alloys 
of mercury, with the other metals, have ufually been 
called amalgams^ and we fee no inconvenience from 
continuing the ufe of that term. 

Sulphur, phofphorus, and carbon, readily unite with 
metals. Combinations of fulphur with metals are ufu- 
ally named pyrites. Their combinations with phofpho- 
rus and carbon are either not yet named, or have re- 
ceived new names only of late, wherefore we have not 
fcrupled to change them according to our principles. 
The combinations of metal and fulphur we c^Wfulphu- 
rets, thofe with phofphorus phofphurets^ and thofe form- 
ed with carbon carburets*. Thefe denominations are 
extended to all the combinations into which the above 
three fubftances enter, without being previoufly oxy- 
genated. Thus, the combination of fulphur with pot- 
am, or fixed vegetable alkali, is called fulphuret of pot- 
ajh ; that which it forms with ammoniac, or volatile 
alkali, is termedfulphuret of a?nmoniac. 

Hydrogen is likewife capable of combining with 

• In the French nomenclature, thefc compounds are named fulpburts pbof- 
phures, and carbures ; but though thefe terms may be fufficiently diltinguifhable 
from fouffrr, pbofpbore, and carbone, they are not.efpecially the two firft, diftindt 
enough in Englifh : 1 have therefore chofen to borrow the new Englifh terms in 
the text, from the Latin edition of the new nomenclature, where they 3re call- 
ed refpecJlively fulpburettum, pkofpborettum, and carbi:rcttum.—T. 
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many combuflible fubftances : In the flate of gas, it 
diffolves carbon, fulphur, phofphorus, and feveral me- 
tals : we diflinguifh thefe combinations by the terms 
carbonated hydrogen gas, fulphur at ed hydrogen gas, and 
phofphorated hydrogen gas. The fulphurated hydrogen 
gas was called hepatic air by former chemifts ; or fatid 
air from fulphur, by Mr. Scheele : The virtues of feve- 
ral mineral waters, and the fcetid fmell of animal ex- 
crements, chiefly arife from the prefence of this gas. 
The phofphorated hydrogen gas is remarkable for the 
property, discovered by Mr. Gengembre, of taking 
fire fpontaneoufly upon getting into contact with at- 
mofpheric air, or, what anfwers better, with oxygen 
gas : This gas has a flrong flavour, refembling that of 
putrid fifh ; and it is very probable that the phofphoref- 
cent quality of fifh, in the flate of putrefaction, arifes 
from the efcape of this fpecies of gas. When hydro- 
gen and carbon are combined together, without the 
intervention of caloric to bring the hydrogen into the 
flate of gas, they form oil, which is either fixed or 
volatile, according to the proportions of hydrogen and 
carbon in its compofition*. The chief difference be- 
tween fixed or fat oils drav/n from vegetables by ex- 
prefhon, and volatile or effential oils, is, that the for- 
mer contains an excefs of carbon, which is feparated 
when the oils are heated above the degree of boiling 
water ; whereas the volatile oils, containing a jufl pro- 
portion of thefe two conflituent ingredients, are not 

• We (hall afterwards fee, that oil contains oxygen, combined with the 
above-mentioned ingredients, and that it is a hydro-carbonous or carbcno-hy- 
drousoxyd; hence the difference between the various kinds may in part be 
owing to their different degrees of oxydation, as well as to the proportions of 
the other ingredient!.— T 
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liable to be decompofed by that heat, but, uniting 
with caloric into the gafeous ftate, pafs over in diitilla- 
tion unchanged. 

In the Memoirs of the Academy for 1784, p. 593, 
I gave an account of my experiments upon the compo- 
iition of oil and alkohol, by the union of hydrogen 
with carbon, and of their combination with oxygen. 
By thefe experiments, it appears that fixed oils com- 
bine with oxygen during combuflion, and are thereby 
converted into water and carbonic acid. By means of 
calculation, applied to the products of thefe experi- 
ments, we find that fixed oil is compofed of 2 1 parts, 
by weight, of hydrogen combined with 79 parts of 
carbon. Perhaps the folid fubftances of an oily nature,, 
fuch as wax, contain a proportion of oxygen, to which 
they owe their ftate of folidity. I am at prefent engag- 
ed in a feries of experiments, which I hope will throw 
great light on this fubjecl:. 

It is worthy of being examined, whether hydrogen 
in its concrete ftate, uncombined with caloric, be fufcep- 
tible of combination with fulphur, phofphorus, and the 
metals. There is nothing that we know of, which a 
priori, mould render thefe combinations impoffible ; 
for combuftible bodies being in general- fufceptible of 
combination with each other, there is no evident reafon 
for hydrogen being an exception to the rule : However, 
no direct experiment as yet eftablifhes either the poffi- 
bility or impoffibility of this union. Iron and zinc are 
the moft likely, of all the metals, for entering into com- 
bination with hydrogen ; but as thefe have the proper- 
ty of decompofing water, and as it is very difficult to 
get entirely free from moifture in chemical experiments, 
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it is hardly poffible to determine whether the fmall 
portions of hydrogen gas, obtained in certain experi- 
ments with thefe metals, were previoufly combined 
with the metal in the ftate of folid hydrogen, or if they 
were produced by the decompofition of a minute quan- 
tity of water. The more care we take to prevent the 
prefence of water in thefe experiments, the lefs is the 
quantity of hydrogen gas procured ; and when verv 
accurate precautions are employed, even that quantity 
becomes hardly fenfible. 

However this enquiry may turn out refpecting the 
power of combuftible bodies, as fulphur, phofphorus, 
and metals, to abforb hydrogen, we are certain that 
they only abforb a very fmall portion ; and that this 
combination, inftead of being eflential to their confti- 
tution, can only be confidered as a foreign fubflance, 
which contaminates their purity. It is the province of 
the advocates * for this fyftem to prove, by decifive 
experiments, the real exiflence of this combined hy- 
drogen, which they have hitherto only done by con- 
jectures founded upon fuppofitions. 

* By thefe are meant thole fupporters of the phlogiftic theory, who confider 
hydrogen, or the bale of inflammable air, as the phlopifton of the celebrated 
Stahl.— T. 
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CHAPTER XL 



Obfcrvations upon Oxyds and Acids with compound Bafes, 
— and on the Compofition of Vegetable and Animal 
Sitbftanccs. 



WE have in Chap. V, and VIII, examined the pro- 
dudts refulting from the combuftion of the four fimple 
combuftible fubflances, fulphur, phofphorus, carbon, 
and hydrogen : We have fheWn, in Chap. X, that the 
fimple combuftible fubflances are capable of combining 
with each other into compound combuftible fubflan- 
ces, and have obferved that oils in general, and parti- 
cularly the fixed vegetable oils, belong to this clafs, 
being compofed of hydrogen and carbon. It remains, 
in this chapter, to treat of the oxygenation of thefe 
compound combuftible fubflances, and to fhow that 
there exift acids and oxyds having double and triple 
bafes. Nature furniihes us with numerous examples 
of this kind of combinations, by means of which, 
chiefly, fhe is enabled to produce a vaft variety of 
compounds, from a very limited number of elements, 
or fimple fubflances. 

It was long ago well known, that, when muriatic 
and nitric acids were mixed together, a compound acid 
was formed, having properties quite diftinft from thofe 
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of either of the acids taken feparately. This acid was 
called aqua regia, from its mod celebrated property of 
diffolving gold, called king of metals by the alchymifts. 
Mr. Berthollet has diftin&ly proved, that the peculiar 
properties of this acid arife from the combined action 
of its two acidifiable bales, and, for this reafon, we 
have judged it neceffary to diftinguim it by an appro- 
priate name : that of nitro-muriatic acid appears ex- 
tremely applicable, from its expreffing the nature of 
the two fubftances which enter into its compofition. 

This phenomenon, of a double bafe in one acid, 
which had formerly been obferved only in the nitro- 
muriatic acid, occurs continually in the vegetable king- 
dom ; in which a fimple acid, or one poffeffed of a 
fingle acidifiable bafe, is very rarely found. Almoft 
all the acids procurable from this kingdom have bafes 
compofed of carbon and hydrogen, or of carbon, hy- 
drogen, and phofphorus, combined with more or lefs 
oxygen. All thefe bafes, whether double or triple, 
are likewife found in the flate of oxyds, having lefs 
oxygen than is neceffary to give them the properties 
of acids. The acids and oxyds from the animal king- 
dom are (till more compound as their bafes generally 
ccnfiftofa combination of carbon, phofphorus, hydro- 
gen, and azot. 

As it is but of late that I have acquired any clear 
and diflincTt notions of thefe fubftances, I mall not in 
this place enlarge much upon the fubjecl, which I 
mean to treat of very fully in fome memoirs I am pre- 
paring to lay before the Academy. Mod of my expe- 
riments are already performed ; but, to be able to give 
exacl: reports of the refulting quantities, it is neceffary 
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that they be carefully repeated, and increafed in num- 
ber : Wherefore, I mall only give a fliort enumeration 
of the vegetable and animal acids and oxyds, and ter- 
minate this article by a few reflections upon the com- 
pofition of vegetable and animal bodies. 

Sugar, mucus, under which term we include the 
rent kinds of gums, and ftarch, arc vegetable 
oxyds, having hydrogen, and carbon combined, in dif- 
ferent proportions, as their radicals or bafes, and unit- 
ed with oxygen, {o as to bring them to the ftate of 
oxyds. From this ftate of oxyds, they are capable of 
being changed into acids, by the addition of a frefh 
quantity of oxygen ; and, according to the degrees of 
oxygenation, and a proportion of hydrogen and carbon 
in their bafes, they form the feveral kinds of vegetable 
acids. 

It would be eafy to apply the principles of our no- 
menclature to give names to thefc vegetable acids and 
oxyds, by ufing the names of the two fubftances 
which compofe their bafes : They would thus become 
hydro-carbonous acids and oxyds. In this way, we 
might indicate which of their elements exiftcd in ex- 
cefs, without circumlocution, after the manner ufed 
by Mr. Rouelle, for naming the vegetable extracts: 
He calls thefe extracto-refmous, when the extractive 
matter prevails in their compoiition, and refino-extrac- 
tive, when they contain a larger proportion of refmous 
matter. Following that plan, and by varying the ter- 
minations according to the formerly eftablifhed rules 
of our nomenclature, we have the following denomi- 
nations : Hydro-carbonous, hydro-carbonic, carbono- 
hydrous, and carbono-hydric, oxyds. And, for the 
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acids : Hydro-carbonous, hydro-carbonic, oxygenated 
hydro-carbonic, carbono-hydrous, carbono-hydric, and 
oxygenated carbono-hydric. 

It is probable that the above terms would fuffice for 
indicating all the varieties in nature, and that, in pro- 
portion as the vegetable acids become well underftood, 
they will naturally arrange themfelves under thefe de- 
nominations. But, though we know the elements of 
which thefe are compofed, we are as yet ignorant of the 
proportions of thefe ingredients, and are ftill far from 
being able to clafs them in the above methodical man- 
ner ; wherefore we have determined to retain the old 
names provifionally. I am fomewhat farther advanced 
in this enquiry than at the time of publifhing our con- 
junct effay upon chemical nomenclature ; yet it would 
be improper to draw decided confequences from expe- 
riments not yet fufficiently precife : Though I acknow- 
ledge that this part of chemiftry ftill remains in fome 
degree obfcure, I muft exprefs my expectations of its 
being very foon elucidated 

I am ftill more forcibly neceffitated to follow the 
fame plan in naming the acids, which have three or 
four elements combined in their bafes ; of thefe we 
have a confiderable number from the animal kingdom, 
and fome even from vegetable fubftances. Azot, for 
inftance, joined to hydrogen and carbon, form the 
bafe or radical of the Pruffic acid : we have reafon to 
believe that the fame happens with the bafe of Gallic 
acid ; and almoft all the animal acids have their bafes 
compofed of azot, phofphorus, hydrogen, and carbon. 
Were we to endeavour to exprefs at once all thefe four 
component parts of the bafes, our nomenclature would 
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undoubtedly be methodical ; it would have the pro- 
perty of being clear and determinate : but this aflem- 
blage of Greek and Latin fubftantives and adjectives, 
which are not yet univerfally admitted by chemifts, 
would have the appearance of a barbarous language, 
difficult both to pronounce and to be remembered. 
Befides, this part of chemiftry being flill far from that 
accuracy it rauft foon attain, the perfection of the fci- 
ence ought certainly to precede that of its language ; 
and we muft flill, for fome time, retain the old names 
for the animal oxyds and acids. We have only ven- 
tured to make a few flight modifications of thefe names, 
by changing the termination into ous, when we have 
reafon to fuppofe the bafe to be in excefs, and into ic, 
when we fufpect. that oxygen predominates. 

The following are all the vegetable acids hitherto 
known : 



I. 


Acetous acid. 


8. 


Pyro-mucous acid. 


2. 


Acetic acid. 


9- 


Pyro-lignous acid. 


3- 


Oxalic acid. 


10. 


Gallic acid. 


4- 


Tartarous acid. 


11. 


Benzoic acid. 


5- 


Pyro-tartarous acid. 


12. 


Camphoric acid. 


6. 


Citric acid. 


1 3- 


Succinic acid*. 


7- 


Malic acid. 







Though all thefe acids, as has been already faid, are 
chiefly, and almoft entirely compofed of hydrogen, 
carbon, and oxygen, yet properly fpeaking, they con- 

• To thefe is lately added tV Suberic acid ; an account of which is iofcrted 
in this edition, Part II, Se<Jt. XLVII. Sec Contents.— T. 
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tain neither water, carbonic acid, nor oil, but only the 
elements neceffary for forming thefe fubflances. The 
power of affinity reciprocally exerted by the hydrogen, 
carbon, and oxygen, in thefe acids, is in a ftate of equi- 
librium, that is, only capable of exifling in the ordinary 
temperature of the atmofphere : For, when they are 
heated but a very little above the temperature of boil- 
ing water, this equilibrium is deftroyed ; part of the 
oxygen and hydrogen unite, and form water ; part of 
the carbon and hydrogen combine into oil ; part of the 
carbon and oxygen unite to form carbonic acid ; and, 
laftly, there generally remains a fmall portion of car- 
bon, which, being in excefs with refpect to the other 
ingredients, is left free. I mean to explain this fubject 
fomewhat farther in the fucceeding Chapter. 

The oxyds of the animal kingdom are hitherto lefs 
known than thofe from the vegetable kingdom, and 
their number as yet is not at all determined. The red 
part of the blood, lymph, and moft of the fecretions, 
are true oxyds, under which point of view it is very 
important to confider them We are only acquainted 
with fix animal acids, feveral of which, it is probable, 
approach very near each other in their nature, or, at 
lead, differ only in a fcarcely fenfible degree. I do 
not include the phofphoric acid amongft thefe, becaufe 
it is found in all the kingdoms of nature. They are 

1. Lactic acid. 4. Formic acid. 

2. Saccho-la&ic acid. 5. Sebacic acid. 

3. Bombic acid. 6. Pruffic acid.* 

* To thefe mull now be added the Zoonic acid ; an acr pant »f which is i$& 
?d to thii edition, Part II, Sett. XL VI.— T, 
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The connexion between the conftituent elements 
of the animal oxyds and acids is not more permanent 
than in thofe from the vegetable kingdom, as a fmall 
increafe of temperature is fufficient to overturn the 
equilibrium. I hope to render this fubjecx. more dif- 
tinct. in the following Chapter than has been donq 
hitherto. 
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ADDITIONAL SECTION 



BY THE TRANSLATOR. 



Of the Proximate Elements of Vegetable and Animal 
Subflances* . 

IN addition to the foregoing fhort, yet clear, account 
of the ultimate chemical competition of vegetable and 
animal fub (lances, the tranflator prefumes it may be 
ufeful to give an abflract of what are termed the proxi- 
mate elements of thofe bodies. Thefe are fuch pro- 
duels of animal and vegetable fubftances, as are formed 
by the combinations of their ultimate or fimple ele- 
ments, and the mixture or combination of thefe com- 
pounds with oxygen ; and molt, if not all of them, are 
carbono-hydric or hydro-carbonic radicals, with more 
or lefs oxygen combined ; fome of them having an ad- 
dition of azot, or other fimple element, in the compo- 
fition of the radical. Thefe proximate elements ar- 
range themfelves, according to the prefent Hate of our 
knowledge, into a limited number of what may be 
called genera^ each of which have their diftinguifhed 
chemical and fenfible properties ; and according as 

* The whole of this Seftion is added by th: Tranflator to this fifth cdi- 
fion.— T. 

S 
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each, particularly from the vegetable kingdom, is more 
•or lefs mixed with other proximate elements, the genus 
is. farther divifible into fpecies, which may be denomi- 
nated from the particular vegetable or animal from 
which it is procured. Thus, fugar is a proximate ele- 
ment of many vegetables, and fo far is a genus in which 
honey is likewife included : But, as procurable from 
fugar-cane, maple, and many other vegetables, it pof- 
feffes very different tafles and flavours, probably owing 
to the mixture or combination of other proximate ele- 
ments, which communicate fpecific differences. This 
curious branch of chemiftry is only in its infancy ; 
but promifes very interefting, and probably important 
refults. 

Thefe proximate elements are procured by expref- 
fion ; by infufion in water, alcohol, or other menftrua, 
hot or cold ; by diftillation with water, or alcohol ; by 
fermentation, putrefaction, deftru&ive diftillation, oxy- 
genation by means of decompofible acids, combuftion, 
and other methods of analyfis : And, by fome of thofe 
analytical methods, they are farther refolvable into the 
ultimate or fimple chemical elements. 

§ i . Proximate Elements of Vegetables. 

i. Mucilage or Gum exudes naturally from many 
vegetables in a very pure date, and is procurable from 
others by watery infufion. When pure, it is fold, brit- 
tle, and fomewhat tranfparent ; perfectly inodorous, and 
almoft totally infipid. It is foluble in water, forming 
a vifcid or glutinous liquid ; Infoluble in oil or alcohol. 
When triturated with oil or refin, it renders them per- 
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fectly diffufible in water. Its folution does not under- 
go vinous fermentation ; but, efpecially when diluted 
with accefs of air, it oxygenates, and is converted into 
pyro-mucous acid. Triturated with nitric acid,it becomes 
ftrongly oxygenated, and oxalic acid is formed ; with 
oxy-muriatic acid, nitric acid is produced. By deftruc- 
tive diflillation, pyro-mucous acid, carbonic acid, hydro- 
carbonic gas, and ammoniac, come over ; and the re- 
fiduum confifts of charcoal containing lime. Its ulti- 
mate elements, therefore, are hydrogen, carbon, azot, 
lime, and oxygen. 

2. Starch or Fecala is a principal product from fari- 
naceous grains and roots, from which it is procured by 
trituration and maceration in a large quantity of cold 
water ; being thus Separated from the other materials, 
in a light pulverulent form, by decantation and fubfi- 
dence, and is, laftly, dried for ufe. At firft, it is fre- 
quently grey, and often flocculent ; but, by allowing 
the liquid in which it fwims to become four, the mat- 
ters which contaminate its purity are oxygenated and 
diffolved. When pure, it is a light, white, foft pow- 
der ; inodorous and taflelefs ; diffufible, but infoluble, 
in cold water ; in hot water it diffolves into a gelati- 
nous liquid, which coagulates when cold. If this jelly 
is dried, it becomes hard, tenacious, horny, and fome- 
what tranfparent, and may be again foftened by cold, 
or diffolved by hot water. 

Starch is not foluble in alcohol. By fermentation, 
efpecially after malting, it is convertible into faccharine 
matter and vinous liquor, from which alcohol is pro- 
curable by diflillation. By farther fermentation it be- 
comes four, forming aleager or common vinegar. 
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With nitric acid, oxalic and malic acids arc formed. 
In clofe veflels, a large quantity of acid liquor diftils 
over, with carbonic acid and hydro-carbonic gas, leav- 
ing a refiduum of charcoal : Its ultimate elements are 
carbon, hydrogen, and oxygen. 

3. Sugar or Saccharine Matter is often mixed in 
vegetables with the former, and which may be con- 
verted into it by the malting procefs. It exifls like- 
wife naturally, and in great abundance, in the peculiar 
juices of many vegetables ; the fugar cane efpecially, 
beet, carrot, parfnip, fugar maple, and many others, 
containing a confiderablc quantity of faccharine juice. 
To procure fugar in a pure fiate, the faccharine juice 
is mixed with lime, to neutralize the oxalic acid with 
which it ufually abounds, and which would prevent 
its concretion. It is then evaporated, and the fugar 
runs into fmall irregular cryftals. It is afterwards pu- 
rified, by boiling with lime-water, and blood, or whites 
of eggs ; is laded into conical moulds of baked clay, 
and dried in a flove. 

Pure fugar is white and perfectly fweet, without any 
odour or peculiar flavour. It is foluble in water or al- 
cohol, from which it cryflallizes by evaporation. Its 
folution in water paries readily into the vinous ferment- 
ation, from which alcohol may be diftilled ; and by 
farther oxygenation, it changes to acid. Oxygenated 
by means of nitric acid, it is convened into oxalic acid. 
By deftructive diflillation it gives over a large quantity 
of acid liquor with empyreumatic oil, carbonic acid, 
and hydro-carbonic gas, leaving a refiduum of char- 
coal. Its ultimate elements are therefore the fame 
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with thofe of (larch, carbon, hydrogen, and oxygen • 
from which perhaps it differs in containing more 
oxygen. 

Honey is fimilar to fugar, and probably confifts of 
the fame ultimate elements. It is originally formed in 
vegetables ; but feems to undergo fome preparation or 
change in the honey-bags of the bees. 

4. Vegetable Gluten is chiefly procurable from flour 
of wheat, wafhed in water. The foluble matter dif- 
folves, the fecula is diffufed, and the gluten remains 
in a fibrous, elaflic, vifcid mafs. It is infipid, inodor- 
ous, of a greyifh colour, infoluble in water, and flight- 
lv foluble in alkohol. It diffolves in acids, and in al- 
kaline folutions ; being precipitated from acid folutions 
by the alkalies, and from alkaline folutions by the 
acids. On expofure to a moid atmofphere, it putrefies 
like animal fubftances. With nitric acid it is changed 
to oxalic acid, a large quantity of azotic gas being dif- 
engaged. In clofe veffels, it affords a large quantity of 
ammonia, with carbonic acid, and empyreumatic oil. 
Hence, its ultimate elements are carbon, hydrogen, 
azot, and oxygen. 

5 Vegetable Albumen is combined or mixed with 
gluten in flour of wheat or other grain. It diffolves in 
cold water, from which it feparates by heat, or the ad- 
dition of alkohol, in light flakes. It is foluble in the 
alkalies, is liable to putrefaction, and gives over am- 
monia in deftructive diftillation. Hence its ultimate 
elements are fimilar to thofe of gluten, from which it 
differs in being foluble in cold water. 

Gluten and albumen feem to form the chief ingre- 
dients of yeaft or barm ; and from them it probably 



I46 ELEMENTS OF CHEMISTRY. 

arifes, that wheaten bread undergoes the vinous Fer- 
mentation by which it is raifed, or rendered light and 
porous, and does not fo readily become four as the 
bread from other grain. 

6. Fixed Oil is moftly procured from the fruits or 
feeds of vegetables, by exprefnon, or by decoction 
with water; when pure, it is inodorous and almoft per- 
fectly infipid ; but is often mixed with the mucilagin- 
ous or extractive matter of the vegetable from which it 
is extracted ; from which it acquires tafle and odour, 
and by which the oils of particular vegetables are clif- 
tinguifhed from each other. Cold-drawn oil is more 
pure than when exprefied by the aid of heat, or extract- 
ed by decoction. Fixed oils are thick and unctuous, 
lighter than water, congeal by expofure to cold, and 
fome are even concrete in the ufual temperature. 
Fixed oil is infoluble in water or alcohol. Expofedto 
warm air it abforbs oxygen, becomes thick and co- 
loured, acquires a difagreeable odour, and a fharp un- 
pleafant tafte, changing to what is called rancefcence. 
It boils at 6oo° of Fahrenheit, is changed into vapour 
which is readily inflamed, and is thereby converted into 
water and carbonic acid. Without materially raifing 
its temperature, it burns imperfectly in a common lamp, 
giving out a confiderable quantity of fmoke, which 
confiits of carbonaceous matter, and empyreumatic 
oil. With a very flender wick, or a cylindrical one 
properly managed, it is almoft totally converted into 
water and carbonic acid, as in the combuftion of its 
vapour. By diftillation in clofe veffels, it lofes its 
mildnefs and uncluofity, becomes more limpid and vol- 
atile, and a portion of carbonaceous matter is left in 
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the retort. Tranfmitted through an ignited tube, it 
is converted into carbonic acid, and hydro-carbonic 
gas. Sulphuric acid renders it black ; part of the ox- 
ygen from the acid combines with the hydrogen of the 
oil, carbonaceous matter is depofited, and a thickifh 
liquid, having a hepatic fmell, is formed, which has 
not hitherto been analized, but which may probably 
contain fulphur, or its oxyd, combined with a part of 
the oil, in a ftate fimilar to petroleum. Nitric acid 
thickens expreffed oil ; and when empyreumatic or 
rancid, from expreffion by heat or otherwife, readily 
lets it on fire. Oxy-muriatic acid thickens it, and in 
fome inftances renders it concrete. All thefe changes 
deferve minute inveftigation. 

Soap is formed by the union of fixed oil with the 
fixed alkalies, potafh or foda, in a cauftic or pure ftate, 
and forms a faponaceous compound with ammonia. 
Soap is foluble in water and alcohol, and is decom- 
pofed by all the acids, and by mofr. falts having earthy 
or metallic bafes. "When decompofed by heat, or de- 
ftructive diftillation, foap produces water, empyreuma- 
tic oil, and ammonia*. The oil which feparates from 
foap, when decompofed by the acids or neutral falts, 
is fo far changed as to be foluble in alcohol. When 
foap is decompofed by earthy or metallic falts, which 
takes place by double affinity, the acid unites with the 

* The Tranflator only pretends to give thefc facts from chemical writers. 
This decomposition of foap is certainly not fufEciently explained, as no ac- 
count is given of the fixed alkalies. Neither is it determined whence the am- 
monia of this decompofition proceeds. If from the alkali, and no other fource 
appears, a proper inveftigation of this experiment fhould lead to the analyfis of 
fixed,alkali. At the fame time, it is known, that the foap of commerce con- 
tains animal oils, whidi certainl- contain ammonia, or at leaft azot, one of 
it* conilittunt ingredients.— T. 
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alkali of the foap, and the oil combines with the earthy 
bafes, or the metallic oxyd of the neutral fait. 

Expreffed oil unites, by boiling, with fulphur into a 
compound which has an exceflively offenfive odour, 
and a very difagreeable acrid tafte, ufually called baU 
fam of fulphur. It likewife combines with phofphorus, 
and unites with gum, refin, and feveral other vegetable 
produces. With mucilage it forms a milky compound, 
called in pharmacy emulfion^ and with fugar what is 
called oleo-faccharum. The ultimate elements of ex- 
preffed oil, fo far as is yet known, are carbon, hydro- 
gen, and oxygen. 

7. Volatile or Effential Oil is procurable from a vari- 
ety of parts of many vegetables, ufually by diftillation 
with water. A fmall part unites with the diftilled 
water, and the reft fwims, for the moft part, on the 
furface, though a few of thefe oils are heavier than 
water. Sometimes this oil is contained in diftincl: vefi- 
cles of the vegetable, and is got by. exprefllon. In 
volatile oil, the peculiar odour of each plant is gene- 
rally found, from which the term effential is derived, 
and, although from fome highly odorant vegetables, 
very little volatile oil is procurable, and a confiderable 
quantity from fuch as have little odour, it would appear 
that the fmell emitted by odorant vegetables is produced 
by its natural evaporation. 

Volatile oil is odorous, fapid, and pungent. It is for 
the moft part liquid, even in low temperatures, though 
fome congeal in moderate degrees of cold, and others 
are concrete in the ordinary temperatures. It diffolves 
fparingly in water ; to which it communicates its pecu- 
liar odour, tafte, and pungency ; as likewife to alcohol 
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and proof fpirits, in which it is more abundantly Jbluble. 
Both thefe folutions are ufually accomplifhed by diflil- 
lation, but may likewife be formed by other means. 
That with water is called, in pharmacy, fimple dijlilled 
water •, or merely water of the peculiar vegetable ; with 
proof fpirit or alcohol, it gets the name of compound 
dijlilled water, or fpirit of the vegetable ; when in large 
quantity, combined with alcohol, it is denominated 
ejfence or quintejence, and is then more readily folubie 
in water, and in larger proportion. 

Expofed to the air, volatile oils gradually lofe their 
peculiar odours, are thickened, and finally become 
concrete, refembling refins ; often depofiting acid crys- 
tals, and fometimes granules refembling camphor. By 
moderate heat, they are volatilized without change : 
but are partially decompofed by greater heat than is 
neceffary for diftillation. Heated in contact, with air, 
they are more volatile, more readily inflammable, and 
produce more water in combuftion, than fixed oils, and 
confequently contain a larger proportion of hydrogen. 
By the acids, they are oxydated, becoming black with 
fulphuric acid. Nitric acid, efpeciaily when mixed 
with fulphuric, readily fets them on fire. Dilute nitric 
acid and oxy-muriatic, convert them into refmous fub- 
ftances by oxydation. They combine with, or difiblve 
fulphur, phofphorus, refin, and camphor ; but com- 
bine difficultly and fparingly with the alkalies. By 
fugar, mucilage, and fome other vegetable products, 
they are rendered mifcible with water in the flate of 
emulfion. Previoufly united with alcohol, into what 
has been called ejence, they are confiderably folubie in 
water. The ultimate elements feem the fame with 
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thofe of fixed oils, carbon, hydrogen, and oxygen , 
perhaps in different proportions, and different degrees 
of oxydation. 

The particular odours of volatile oils, and of all 
odorant bodies, have been fuppofed owing to the pre- 
fence of a diflincTt element or principle, called aroma or 
fpiritus reflor : But, as there is no evidence of its ex- 
igence, as every diftincT: odour would, in this cafe, 
require a feparate fpecies of aroma, and as every pecu- 
liar fenfible quality might with equal propriety be re- 
ferred to a peculiar hypothetic element, fuch as bitter- 
nefs, narcotic power, laxative or emetic quality, and 
fo forth, it is certainly unphilofophical to aflume any 
fuch element to exift. Befides, we know that metals 
pofiefs odour and fapidity, and that both may be given 
to the mod infipid and inodorous vegetable and animal 
products, merely by changing the date of combination 
of their ultimate elements, by means of heat or other- 
wife 

8. Camphor is chiefly procured by diftillation or 
fublimation from the wood of laurus camphora ; but 
is likewife found in fome other vegetables, and is de- 
pofited from the volatile oils of feveral plants when 
long kept. It is white, femi-tranfparent, folid, tena- 
cious, and fomewhat cryftalline, having a pungent 
fragrance and tafte. It is highly inflammable, ex- 
tremely volatile, and fublimes unchanged by moderate 
heat ; is largely foluble in alcohol and oils, but fparing- 
ly in water or proof fpirit, in which it becomes more 
foluble by trituration with magnefia. Sulphuric, mu- 
riatic, fluoric, and fulphurous acids, diffolve it with- 
out change. Diffolved in nitric acid, an oily-looking 
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liquor fwims on the furface, from which water precip- 
itates the camphor. When nitric acid is frequently 
diftilled from camphor, it is entirely converted into 
camphoric acid. Camphor does not combine with the 
alkalies. Mixed with clay, or any fubflance which 
oppofes its extreme volatility, it becomes able to under- 
go confiderable heat, by which it is decompofed, giving 
over a volatile, pungent, and highly fragrant oil, ex- 
actly fimilar to eflential oils : At the fame time, cam- 
phoric acid, with fmall quantities of carbonic acid, and 
hydro-carbonic gas, come over, and a fmall portion of 
carbonaceous matter remains. Its ultimate elements 
probably are carbon, hydrogen, and oxygen, perhaps 
having more carbon and oxygen than the volarile oils. 

9. Benzoin, As this vegetable production affords a 
peculiar acid by fublimation, and even by other means 
of decompofition, it might deferve inveftigation, and 
a feparate place perhaps, as legitimately as camphor 
and fome other vegetable products ; But, not having 
been- hitherto fubmitted to chemical analyfis, we can 
only here recommend it to the notice of chemifts. 

10. Amber. It is doubtful to which of the three 
kingdoms of nature this peculiar fubflance is indebted 
for its origin. It is found on the fea more, efpecially 
in PrufTia, and is dug from the earth : but has been 
fuppofed the work of infects, and to be prepared by 
them from the refmous exudations of fome of the fir 
or pine tribe. Like Benzoin it gives out a peculiar 
acid by fublimation : But its chemical analyfis has 
not hitherto been invefti'gated. 

1 1 . Wax is collected by bees from the flowers arid 
other parts of vegetables, but probably undergoes fome 
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change from the animal powers of thefe infects. In its 
rude (late it is of various fhades of yellow or brown, 
having confiderable fragrance, and fome tafte ; being 
hard, tenacious, plaftic, and foftening or melting by 
heat. When purified by bleaching, by which proba- 
bly its carbon is partly feparated, and fome oxygen 
added, it becomes perfectly white and opake, and ra- 
ther harder and more tenacious than before. 

Wax is fufible, and burns in a high temperature, or 
with the aid of a wick, refolving by combination with 
oxygen into water and carbonic acid. By the deftruc- 
tive diftillation, it gives over a thick empyreumatic 
oil, and an acid liquor, leaving a carbonaceous refi- 
duum. Hence its ultimate elements are carbon, hy- 
drogen, and oxygen ; and it feems to have the fame 
relation with fixed oils that camphor has to the 
volatile. 

12. Refin is hardly ever procured pure from vegeta- 
bles, being generally mixed or combined with volatile 
oil, gum, or other matter. The turpentines, which are 
procured by exudation, or tapping, from many trees 
of the fir and pine tribes, and the various balfams, are 
refin difTolved in efTential oil. Tar is turpentine pro- 
cured by rude diftillation, mixed with carbonaceous 
and other matters, and pitch is tar boiled to great con- 
fidence. 

By diftillation, the efTential oils are feparated from 
the refin in the turpentines, a fmall portion of benzoic 
acid being ufually procured at the fame time. When 
diftilled with the affiftance of water, and not pufhed too 
far, pure refin is left in the retort ; but if the fire is a 
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little urged, the refin is partially decompofed, and ac- 
quires colour from the prefence of free carbon, in which 
ftate it is called Colophony. 

In many vegetables, refin is naturally united with 
gum, forming gum refin or refinous gum, according 
as one or other prevails. Thefe are foluble in water or 
proof-fpirit ; or may be feparated by diflblving the 
refinous part in alcohol, and the gummous in water. 
In other vegetables, the gum and refin are farther 
mixed with extractive matter, fugar, flarch, and other 
products. Mod of the pure refms are foluble in alco- 
hol, effential oil, and fixed oil, though fome require the 
previous affiftance of ether, but thefe probably have 
fome difference in their compofition, by excefs or pau- 
city of one or other of the ultimate elements. None 
of the refins are foluble in water, or only in a flight 
degree like camphor and effential oils. They are mofl- 
ly fapid and odorous ; though fome, as copal and fan- 
darach, are almoft devoid of either quality. 

Refin is folid, tenacious, plaftic, and confiderably 
tranfparent ; being brittle and eafily pulverized in a 
moderate temperature. It is eafily fufed, and readily 
inflammable, giving out carbonic acid and water. In 
clofe veffels it gives over empyreumatic oil, acid liquor, 
carbonic acid, and hydro-carbonic gas, leaving carbo- 
naceous matter. With alkalies it forms foap, and is 
much ufed in manufacture for that purpofe, being a 
chief ingredient in yellow foap, and that to which it 
owes its folidity. Its ultimate elements are carbon, hy- 
drogen and oxygen, probably having more oxygen 
than effential oils. 
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13. Extracl, or Extractive Matter, is a product from 
vegetables, which confiderably refembles gum-refin, 
of which perhaps it is only a modification, by mixture 
or combination with other proximate principles, and 
fome faline compounds. It is obtainable from mod, if 
not all, vegetables, by maceration in water, and eva- 
poration of the infufion. It is foluble in water, alco- 
hol, or proof-fpirit, but not in ether ; and poflefies the 
fapid, odorant, and other fenfible qualities of the vege- 
table from which it is procured. By long expolure 
to the air, or rapidly by means of the boiling heat, and 
by oxy-muriatic acid, it abforbs oxygen, becomes infipid 
and inodorous, and infoluble in water. By diftillation 
in clofe veffels, it gives over empyreumatic oil, acid 
liquor, and a fmall quantity of ammonia : Hence 
its ultimate elements are carbon, hydrogen, azot, and 
oxygen. 

14. Caoutchouc, or Elajlic Gum*, is procured from 
feveral plants by incifion ; at firft of a thick milky 
confidence, becoming concrete by expofure to the air. 
It is then of various (hades, femi-tranfparent, extremely 
tough, flexible when a little warm, and very highly 
elaflic. It is extremely inflammable, even when cold. 
By confiderable heat it is foftened, and lofes its elafti- 
city. Water does not diflblve it, but permanently 
foftens its texture. It is infoluble in alcohol or proof- 
fpirit, but diflblves in ether, fixed and volatile oils, and 
in rectified petroleum It is oxygenated and altered in 
its appearance by fulphuric and nitric acids. In clofe 
veflels, it gives over empyreumatic oil, carbonic acid ? 

* I.ikcwife termed India rubber, or !ead-eatcr.— T. 
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hydro-carbonic gas, and ammonia : Its ultimate ele- 
ments, therefore, are carbon, hydrogen, azot, and 
oxygen. 

15. Tanm, or the Aftringent Principle^ is procured 
from oak-bark, galls, or other aftringent vegetable, by 
infufion in water, but blended or combined with gallic 
acid, with which till lately it has been confounded. 
By a firft infufion of aftringent vegetable in hot water, 
moft of the tanin contained is diftblved, along with a 
fmall portion of gallic acid. A fecond infufion affords 
gallic acid with a very little tanin ; and a third infufion 
contains gallic acid almoft pure. Hence, fpent tan- 
bark contains gallic acid, and no tanin, or extremely 
little. - 

If to an infufion of vegetable aftringent, a folution of 
animal glue be added, the glue and tanin combine into 
an infoluble precipitate, and a folution of pure gallic 
acid is procured by filtration. 

To procure the tanin free from gallic acid, add a 
folution of muriat of tin to the aftringent infufion. The 
oxyd of tin combines with the tanin, forming an infol- 
uble precipitate, and the two acids remain in the liquid. 
By filtration and careful wafhing, the acids are fepa- 
rated from the infoluble compound, which is then to 
be diffufed in water, through which a ftream of ful- 
phurated hydrogen gas is made to flow. This gas 
combines with the oxyd of tin, forming an infolu- 
ble precipitate, and the tanin is left pure now in 
folution. 

Tanin has no acid properties whatever ; but emi- 
nently poffeffes thofe which were formerly attributed to 
gallic acid, or rather to the mixture or combination of 
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that acid and tanin. It forms a dark precipitate with 
red oxyd of iron ; darker than that with common 
aftringent infufion, and much darker than that pro- 
duced by gallic acid. By evaporation it becomes a fo- 
lid extractive mafs, of a brown colour, with a bitter, 
rough ftyptic or aftringent tafte, and is foluble in wa- 
ter. With gelatin or animal glue, it forms an infolu- 
ble compound ; which difFufed among the fibres of 
fkins, renders them denfc, thick, infoluble, lefs per- 
meable to moifture, and not liable to putrefaction : 
In fhort it converts them into leather, or tans them, 
which is its peculiar property, and from which its 
name is formed. Perhaps the gallic acid, contained 
in common aftringent infufion or tan, aflifts the tanning 
procefs, by deoxydating the fkin, and bringing it more 
to the ftate of animal glue. With acids, tanin forms 
infoluble compounds. 

16. Colouring Matter has been fuppofed a peculiar 
proximate principle of vegetables, though colour cer- 
tainly belongs to feveral of their products already no- 
ticed ; and if feparate from the other products or prox- 
imate principles, it muft be various in its compofition, 
from the difference of colours producible from differ- 
ent vegetables, and the different properties of colours 
in fixation or permanence, by means of mordants or 
precipitants. Though, therefore, colouring matter 
does not properly belong to this fection, it is here in- 
troduced as forming a very interefting fubject of dif- 
quifion, but of which our limits cannot admit the in- 
vefligation. It involves the whole art of dyin^ by 
means of vegetable fubitances, and the art of making 
vegetable pigments. 
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Animal fubftances have a more ready attraction for 
.colouring matter than vegetable materials, and retain 
it more permanently* : Hence filk and woollen fabrics 
are more eafily and permanently dyed than thofe of 
cotton or linen. Various mordants or precipitants are 
employed, to form infoluble compounds with colour- 
ing matter, to fix it in the dyed fubftance, and often 
likewife to modify the colour. Argil, metallic oxyds, 
gallic acid or rather tanin, gelatin, and gum, are among 
the principal of thefe mordants or precipitants ; and 
are employed, either by previous combination with the 
fubftance to be dyed, to make it take in and" fix the 
colour ; after the colouring matter has been united 
with the dyed fubftance, to fix or heighten or modify 
the colour ; or, by previous combination with the dy- 
ing material, to make it proper for combining with the 
fubftance to be dyed. The formation of vegetable 
lakes or pigments, is effectuated by the combination 
of fome mordant or precipitant with the colouring 
material in folution, which caufes it to precipitate in an 
infoluble or difficultly foluble compound The prepa- 
ration of indigo, woad and other dye-ftuffs is of this 
nature, in which oxygen feems the precipitant ; and 
the act of dying with thefe preparations confifts, pro- 
bably, in deoxy dating them, in the firft place, to ren- 
der them foluble, and afterwards reftoring oxygen to 
give back their colour, and fix them properly in the 
dyed fluffs. 

1 7. Ligneous jibre, may be confidered as the fkeleton 

• Hence I fhould fufpect that colouring matter is nearly allied to tanin, cr 
is intimately combined with it ; and that the fixity of dye-fluffs may depend 
on their containing a fufficiency f tanin.— T. 

U 
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or folid bafis of plants, to which all the other products 
or proximate elements are naturally attached. It is 
inf:pid and inodorous, and infoluble cither in water, 
alcohol or oils. By oxygenation, nitric acid converts 
it into oxalic and malic acids ; and it is decompofed 
by other acids. By deflructive diflilkition, it gives 
over pyro-lignous acid, carbonic acid, and hydro-car- 
bonic gas, leaving a large carbonaceous refiduum ; 
and confequently confifls of carbon, hydrogen, and 
oxygen. 

1 8. Charcoal is any vegetable fubflance deprived of 
all volatile parts by the force of heat, or the refiduum 
left in all deft.ruct.ive diftillations. It is likewife pro- 
curable by fimilar means from a variety of animal fub- 
flances, and is even found in fome mineral productions. 
Properly fpeaking, thefe ought to be called carbona- 
ceous matters, as charcoal, in flridt language, is the 
refiduum from wood or other vegetable fubflance, 
after definitive diflillation in a red heat. The char- 
coal of commerce is rudely prepared, in a manner fi- 
milar to the above, by flow incineration in clofed heaps. 
For chemical purpofes, it is formed by fubjecting wood, 
or other vegetable fubflance, to intenfe, or at leafl full 
red tv^at, without accefs of air. 

When properly prepared, charcoal is light, folid, 
mining, brittle, porous, fonorous, infipid, inodorous, 
and perfectly black. It readily abforbs moiflure, and 
even large quantities of the different permanent gafes, 
without appearing to be changed in fenfible properties ; 
though chemically it is very materially altered. Hence, 
before fubjecting charcoal to any chemical invefliga- 
tion, the neceffity of keeping it long in a full red heat, 
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to expel thofe foreign admixtures ; and, without ex- 
pofure to air, to prevent its combuftion. Soot is char- 
coal in powder, mixed or combined with various other 
vegetable or animal products, according to the fubftance 
from which it is procured. Lamp-black is the foot of 
very impure animal or vegetable oils. Ivory-black, is 
bones burnt, to blacknefs only, in clofe veffels. 

When charcoal is fet on fire, or raifed to the tempe- 
rature of ignition in contact with air, it is almoft entire- 
ly converted into carbonic acid. What remains under 
the name of alhes, confifts of a fmall quantity of earth, 
moftly lime and magnefia, often combined with fome 
acid, and containing a fmall portion of potafh or foda, 
and fome minute particles of neutral falts. 

By a fomewhat different mode of incinerating vege- 
table fubftances, with more free accefs of air, the char- 
coal is burnt off, and the refiduum confifts chiefly of 
alkali, potafh, or foda, or a mixture of thefe, according 
to the vegetable which is incinerated, together with the 
earthy and faline matters already mentioned. As, in 
thefe different methods of incineration, the product of 
alkali is very different, more abundant in the free, and 
much more fcanty in the clofe manner of making char- 
coal, there are very ftrong grounds for fuppofing potafb 
and foda to be formed during the procefs. 

Charcoal, properly prepared, has long been c.onfi- 
dered as carbon, almoft in a ftate of purity ; and, on 
this fuppofition, the illuftrious Lavoifier concluded from 
his experiments, that carbonic acid confifted of 28 
parts of carbon, combined with 72 parts of oxygen. 
But, from more recent experiments by Morveau, it 
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appears, that acid has only 17.88 parts of pure carbon, 
with 82.12 parts of oxygen, or nearly 18 and 82. 

By the laft, and moft exact, experiments, it appears, 
that diamond is carbon in perfect purity ; and, that 
the bed made charcoal, independent of its minute 
earthy and faline mixture, is a true oxyd of carbon : 
Hence the calculations of Lavoifier, refpecting the 
ultimate elements of feveral fubftances, in which car- 
bon and oxygen are principal ingredients, require cor- 
rection. 

19. Bitumen. Although naturally of mineral origin, 
bitumen feems to have been produced by chemical 
changes from organic materials j but whether of vege- 
table or animal bodies, has not been fatisfa&orily de- 
termined. Bitumens are found exuding from fifliires 
of ftrata or veins, or floating on the waters of fprings, 
or forming ftrata in the earth, combined with other 
matters. The principal fubftances ufually ranked un- 
der the general denomination of bitumens, are Naph- 
tha, Petroleum, Afphaltum, Amber, Coal, Jet, and 
Melilite. But the chemical analyfis of thefe bodies, by 
no means warrants their being arranged together 

Naphtha is a very light pellucid, or yellowifh liquid, 
highly volatile and inflammable, with a very penetrat- 
ing odour. It diflblves oils, refins, and caoutchouc, 
and is infoluble in water or alcohol, or very flightly fo. 
It feems to have confiderable analogy with ether, and 
probably confifts of carbon, hydrogen, and oxygen. 

Petroleum is fimilar in many refpe&s to naphtha, 
but thicker, lefs volatile and inflammable, of a brown or 
black colour, and affords naphtha by diftillation. 

Afphaltum is folid and brittle, of a brown or black 
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colour, melts by confiderable heat, and is inflammable. 
By deftruclive diftillation, it gives over empyreumatie 
oil, carbonic acid, and hydro-carbonic gas ; confequent 
ly is compofed of carbon, hydrogen, and oxygen. 

Coal differs from the former in leaving a refiduum, 
lefs or more in the different varieties, of earthy matters, 
chiefly argil, with fome oxyd of iron. By deftruclive 
diftillation, it gives over empyreumatie oil, carbonic acid, 
hydro-carbonic gas, and ammonia. In clofe velfels, the 
refiduum contains a confiderable quantity of carbona- 
ceous matter, which burns to white or coloured afhes 
in the open fire, according to the proportion and date 
of oxyd of iron in its compofition. It likewife fome- 
times gives over fulpharous acid,probably from contain* 
ing pyrites or fulphurat of iron. Its ultimate elements 
are, carbon in large quantities, hydrogen, azot, and 
oxygen, with an earthy bafis of argil, and fometimes 
fome magnefia. 

Jet feems intermediate between coal and afphaltum, 
as it leaves very little afhes on incineration. 

Amber has been already noticed, 10 of this fection. 

Melilite, or Honey-ftone, is found in ftrata of wood, 
mineralized by bitumen : it has a light yellow colour, 
and is generally chriftallized. It is not foluble in alco- 
hol or oils, and is difficultly inflammable. It feems to 
confift of argil, combined with a peculiar acid, analog- 
ous to the oxalic ; and is therefore a neutral fait. 

Befides rfhefe enumerated proximate elements of ve- 
getable fubftances, they afford various earths and neu- 
tral falts, and even minute metalline portions in their 
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refidua ; the confideration of which would load far be- 
yond our prefent limits. Certain vegetables, especially 
of the Cruciform natural order, contain ammonia, 
and even fomc afford minute portions of iulphur and 
phofphorus. From all vegetables, potafh, and from 
many, efpecially marine plants, foda is procurable by 
incineration. But, whether thefe alkalies exifted pre- 
vioufly in the plant, or are formed by change of ulti- 
mate elements during incineration, is not decided : the 
latter is the mod probable. 

§ II. Proximate Elements of Animal Sub/lances. 

This fubjecl, like the analyfis of vegetable fubftan- 
ces, would require more extended inveftigation than 
our limits can admit ; and, therefore, muit be treated 
of only very curforily. Animal fubftances differ from 
vegetable, in a greater tendency to putrefaction, and 
being hardly, or very little, liable to vinous or aceffant 
fermentation. Their ultimate elements are more nu- 
merous in general than thofe of vegetable fubflances ; 
as, befides carbon and hydrogen, they moftly contain 
azot and phofphorus : they likewife feem to have lefs 
oxygen in their compofition, as they afford lefs acid on 
decompofition. 

§ i. Blood. 

i. The Blood, of what are called the perfect ani- 
mals, is a vifcid liquid, of a red colour, with a fweetifh 
tafte, and peculiar odour. In the veins it is dark co- 
loured, becoming florid in the lungs and in the arterial 
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fyftem. The air, efpecially oxygen gas, renders it flo- 
rid ; but mod of the other gafes make it darker. By 
fpontaneous coagulation, it feparates into ferum and 
crafTamentum. 

2. Serum is flightly vifcid, yellowifli, has a faline 
tafte, and is mifcible with water. At about 165 of 
Fahrenheit it coagulates, from which a fomewhat tur- 
bid liquid may be exprefTcd, which fixes when cold 
into a jelly. The remaining liquid is water, contain- 
ing foda, muriat of foda, and a fait having phofphoric 
acid. Thus ferum confifts of albumen, or the part 
coagulable by heat, gelatin, or the jelly-like fubftance 
expreflible from it, and faline matters, all diffolved in 
water. Serum is coagulated by alcohol, acids, acidu- 
lous falts, and feveral metallic oxyds. 

3. Albumen is coagulable by heat, unlefs diffolved in 
eight or ten times its weight of water ; but is no^ folu- 
ble after coagulation. It diffolves readily in folutions 
of potafh and foda, giving out ammonia ; and diffolves 
flowly in ammonia. By the nitric acid it is decompo- 
fed ; nitrous gas is difengaged, and an oily fubftance, 
foluble in alcohol, remains. In clofe veffels, k gives 
out empyreumatic oil, carbonat of ammonia, carbonat- 
ed and fulphurated hydrogen gas, and pruffic acid ; 
the carbonaceous refiduum containing phofphats and 
carbonats of foda and lime, and muriat of foda. Hence 
its ultimate elements are carbon, hydrogen, azot, phof- 
phorus, fulphur, lime, foda, muriatic acid or its bafis, 
and oxygen. 

4. Gelatin is foluble in water, and is precipitated by 
alcohol and the mineral acids. With tanin it forms an 
infohible compound already mentioned. Its aqueous 
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folution, evaporated to drynefs, is glue. Dccompofed 
by nitric acid, a large quantity of gas difengages, and 
oxalic acid is formed. In clofe vellels, it givei 
carbonic acid, hydro-carbonic gas, carbonat of ammo- 
nia, and empyreumatic oil ; its carbonaceous refiduum 
containing phofphat of lime. Hence gelatin is not 
nearly fo much compounded as albumen, having only 
carbon, hydrogen, azot, phofphorus, lime and oxy- 
gen, as its ultimate elements. 

5. The Cr a ([amentum, or fpontaneoufly coaguhible 
part of the blood, does not readily putrefy on expo'ure 
to air, and may be dried by moderate heat. By re- 
peated wafhing with cold water, craffamentum is re- 
iolvable into its red colouring matter, which is foluble, 
and a folid, white, infipid, and inodorous elaftic fibrous 
mafs, infoluble in water except by long boiling, called 
gluten, coagulable lymph, or fibrin. 

6. Fibrin is decompofed by potafh and foda, giving 
out ammonia, and carbonaceous matter is precipitated. 
It likewife diffolves in acids, but when precipitated 
from this folution by alkalies, it has loft its peculiar 
qualities and appearance Nitric acid diluted difen- 
gages from it a large quantity of azot, and oxalic acid 
is formed, with fmall portions of malic and acetous 
acids. By deftructive diftillation, it affords empyreu- 
matic oil, carbonat of ammonia, fome very fetid gas, 
probably confifling of hydrogen and azot with phof- 
phorus : the carbonaceous refiduum contains phofphat 
of lime. Its ultimate elements, therefore, feem the 
fame with thofe of gelatin. 

7. Colouring matter, or the red globules of the 
blood, which is foluble in water, but fufters a gradual 



ELEMENTS OF CHEMISTRY. 165 

decompofiton, is changed in its colour by the gafes in 
the fame manner with blood itfelf ; hence the change 
of the blood, from venous to arterial in the lungs, is 
produced by the action of oxygen. By deftructive 
diftillation, it affords empyreumatic oil, carbonated and 
fulphurated hydrogen gafes, and pruffiat of ammonia : 
the carbonaceous refiduum contains carbonat, phof- 
phat and muriatoffoda, carbonat andphofphat of lime, 
oxyd of iron and charcoal. 



We have feen, by the preceding fhort abftracV. of 
the chemical compofition of the various parts of the 
blood, that it is an extremely compound liquid, con- 
taining carbon, hydrogen, azot, phofphorus, lime, foda, 
iron, muriatic acid, or its bafis, and oxygen. From 
the blood, all the other liquids of the animal body, and 
its foUd parts, are formed, renewed, and augmented. 
All thefe ultimate elements muft either be derived 
from nutrition, refpiration, or abforption : And al- 
though vegetable fubftances do not afford all of thefe 
ultimate elements, at leaft in any quantity proportional 
to thofe in animal fubftances, yet as all ingefta, or nu- 
tritious matter, is ultimately refolvable into the vegeta- 
ble kingdom, water and atmofpheric air, thefe muft all 
be derived from thofe fources. It is, however, incom- 
patible with our limits to enlarge on the fubject. of nu- 
trition, refpiration, and fecretion, which would require 
a large volume for their proper inveftigation. 

The chief fource of the blood is from the chyle, or 
nutritious materials of food, diflblved and mixed with 

w 
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ialiva, the gaftric and pancreatic juices, and bile. It 
appears, that during circulation, the arterial blood lofe9 
azot and oxygen, the venous blood having lefs of thefe, 
and more carbon, than the arterial. In the lungs, the 
venous blood is reftored to its arterial or florid ftate, 
and carbonic acid is evolved, by its fuperabundant car- 
bon combining with the oxygen of the refpired air. 
It is highly probable, likewife, that the blood abforbs 
azot during refpiration, and likewife oxygen. During 
thefe changes there is the higheft probability that calo- 
ric, formerly exifting combined with the refpired air, 
is fet free to produce temperature, and that, in this 
manner, refpiration ac"ts as one fourceat leafl of animal 
heat. What renders this idea highly probable, is, that 
we uniformly find animals which either do not refpire 
air, or which refpire it lefs regularly than the more per- 
fect animals much colder in their temperature, and 
that every circumftance which accelerates the pafiage 
of the blood through the lungs, and confequently quick- 
ens and augments refpiration, increafes animal heat. 
The animal fyftem likewife pofTefles the power of refill- 
ing the accumulation or too great increafe of tempera- 
ture ; one principal fource of which is probably from 
the evaporation of perfpirable matter. 

§ 2. Animal Fluids. 

Thefe are all or chiefly formed or feparated from 
the blood by fecretion. The principal fecreted fluids 
are, Milk, Lymph, Mucus, Saliva, Gaftric juice, Bile, 
Urine, and Perfpirable Matter. 
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i. Milk is white, fweet, and having a peculiar fla- 
vour, and differs confiderably as obtained from differ- 
ent animals, and even from the fame animal on different 
kinds of food. It naturally feparates, by {landing, into 
cream, and more watery milk. Cream by agitation, 
during which it abforbs oxygen, is converted .into but- 
ter, and a thick fluid. When milk is kept fome time 
after the cream feparates, it grows firfl acidulous, and 
then coagulates. If this coagulum be preffed, a dry 
fubftance, infoluble in water, and elaltic, called chee/e, 
is procured ; the liquor which drains off is whey. This 
coagulation may be produced by various other means, 
fuch as alcohol and the acids, and principally, for 
economical purpofes, by the gaflric liquor of young 
animals, mixed with muriat of foda, and diffolved in 
water. 

2. Chee/e, or the cafeous matter of milk, when con- 
taining little or no butter, is at firfl white and opake, 
but grows afterwards fomewhai: tranfparent and elaflic. 
It is infoluble in cold water. It diffolves in potafh and 
foda, giving out ammonia ; and diffolves partially in 
dilute mineral acids. In a moid atmofphere, it foon 
grows putrid. By deftru&ive diftillation, it gives over 
empyreumatic oil, ammonia, and hydro-carbonic gas, 
leaving a carbonaceous refiduum, which contains pot- 
afh or foda. 

3. Whey or fen wi, when perfectly free from cream 
or butter, is yellowifh, and has a bland, faline, fweetifh 
tafte. By evaporation, it affords a faline fubftance ; 
which, by a fecond folution and evaporation, becomes 
a white, fweetifh, cryftallized fait, called Jugar of milk. 
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Treated with nitric acid, nitrous gas is difengaged, li- 
quid oxalic acid, and concrete faccho-laclic acids, are 
produced. 

From the quantity of faccharine fubf lance in whey, 
it is fufceptible of vinous and acefcent fermentation : 
But the acid is not vinegar ; it is a peculiar acid, called 
the laclic. 

Whey likewife contains muriats of lime, potafh, and 
foda, and fome fait which contains phofphoric acid. 
Hence, though milk has many properties refcmbling 
vegetable fubftances, its chemical analyfis fhews, that 
its compofition is more analogous to animal matter. 

4. Lymph i wh.ch is contained in the lymphatic or 
abforbent veflels, is a vifcid, pellucid, and infipid liquid, 
apparently a folution of the albumen and gelatin of the 
blood, like which, it is coagulable by heat, acids, and 
alcohol. 

5. Mucin , or the thickifh liquid which fpreads over 
the paffages and internal furfaces of the animal body, 
is probably lymph more infpiflated, 

6. Saliva is imperfectly foluble in water, and is coa- 
gulable by the mineral acids. Diflblved in alkalies, it 
gives out ammonia. It feems to be a folution of albu- 
men in water, with the addition of fome muriat of foda, 
and perhaps fome phofphatof lime. 

7. Gajiric Liquor, which is fecreted from the inner 
coat of the flomach, and probably from at leaft part of 
the interlines, is foluble in water, has a flight faline 
tafte, and is quite limpid. Its peculiar property is that 
of diffolving the food in the flomach, into a milky li- 
quid called chyle. After death this folvcnt power even 
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atts on the flomach itfelf. By evaporation it is redu- 
ced to a dry mafs, which gives out in definitive diftil- 
lation ammonia and empyreumatic oil, leaving carbo- 
naceous matter, which contains muriat of foda and 
other neutral falts. 

8. Bile is a thick yellowifh-green liquid, having an 
intenfely bitter tafte, and faint odour. It is foluble in 
water ; and by alcohol, albumen is coagulated from it. 
The green bitter fubflance remains diffolved in the al- 
cohol, and is of a refinous nature. It may be feparat- 
ed by evaporating the alcohol, or precipitated from it 
by water. When concrete, this refin of the bile is in- 
flammable, and fufes at j 20 of Fahrenheit. By oxy- 
muriatic acid, it changes to a white, unctuous, bitter 
concrete, which is foluble in alcohol, and in hot water. 
By deftructive diftillation, bile gives out empyreumatic 
oil, carbonat of ammonia, pruffic, and carbonic acids, 
and hydro-carbonic gas : its ultimate elements there- 
fore are, carbon, hydrogen, azot, phofphorus, and 
oxygen. 

Calculous concretions, named gall-Jlones, are often 
formed in the gall-bladder, of various degrees ofcolour 
and hardnefs ; often confiding of feparate cryftaliine 
concentric laminae, of an unctuous appearance, and in- 
flammable. Some are foluble in alcohol and effcntial 
oils. By chemical analyfis, they afford refin of bile, 
benzoic acid, and fmall quantities of lime, foda, and 
neutral falts, having a bafis of ammonia. 

9. Urine, when firft difcharged, is (lightly acid, but 
foon evolves ammonia, and becomes alkaline and putrid. 
Evaporated it gives out water and carbonat of ammo- 
nia, leaving a thick, brown, fetid mafs, from which 
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deftru&ive diftillation affords a very fetid empyreuma- 
tic oil, carbonat of ammonia, fcveral compound gafes, 
and a fmall portion of phofphorus. Alkalies precipi- 
tate phofphat of lime from urine. Tanin precipitates 
a quantity of gelatin. The faline parts of urine, part 
of which cryftallizes on cooling, are principally phof- 
phats of foda, ammonia, lime, and magnefia, muriats 
of foda, and ammonia, lithic or uric acid, and fome- 
times, efpecially in graminivorous animals and the 
urine of children, benzoic acid. 

By peculiar proceffes, a large quantity of a peculiar 
fubflance, called urce, is procurable from urine, on 
■which the colour, tafte, and properties of frefh urine 
principally depend. It conflitutes about a twentieth 
part of the urine, is foluble in water, and readily de- 
compofes fpontaneoufly, affording carbonat of ammo- 
nia. By deftructive diftillation, it gives out a large 
quantity of carbonat of ammonia, and a fmall portion 
of empyreumatic oil. 

Calculous concretions frequently form in the bladder 
and kidneys. Thefe chiefly confifl of lithic acid, and 
animal matter, probably albumen with very little lime, 
often not more than a two-hundredth part, fometimes 
a great deal more. Some confift of phofphoric acid 
combined with magnefia and ammonia ; and in fome 
oxalat of lime has been detected. 

10. Perfpirable Matter, or the conflant exhalation 
from the furface of the body of animals, confifts part- 
ly of a fmall portion of carbonic acid gas, and partly 
of water, holding lymph and fome faline matters in 
folution. 



*JF 
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§ 3 . Annual Solids. 

1 . Membrane, which is the bafis of cellular fubftance, 
ligaments, tendons, cartilage, and {kin, is chiefly com- 
pofed of gelatin or animal glue, to which they may al- 
moft entirely be refolved by long boiling in water, 
and fome of thefe contain lefs or more of phofphat 
of lime. 

2. Bone confifts chiefly of gelatin, united with phof- 
phat of lime. By deftru-ftive diftillation, bone affords 
carbonat of ammonia, fetid empyreumatic oil, and 
hydro-carbonic gas, leaving a large carbonaceous refi- 
duum, containing moftly phofphat of lime, with fmaller 
portions of carbonat and fulphat of lime. Horn is fim- 
ilar in properties and compofition to bone. Shells 
contain a much larger quantity of carbonat of lime, 
and fome confift of hardly any thing elfe, with a fmall 
portion of gelatin. 

f 3. Mufcular fibre, by careful warning, becomes 
white, infipid, and elaflic, and feems to confift chiefly 
of fibrin. With nitric acid, it gives out azotic gas, 
and is converted into oxalic and malic acids. Decom- 
pofed by heat, befides the ufual animal produ&s, zoo- 
nic acid is obtained. The water in which mufcular 
fibre has been macerated, contains the colouring mat- 
ter of blood, gelatin, albumen, a fmall portion of fa- 
line matter, and fat. 

4. Fat is of various confiftence, from different ani- 
mals : it is white, infipid, and inodorous, infoluble in ' 
water or alcohol, combines with alkalies into foap, and 
is inflammable. It grows rancid by expofure to air, 
being oxygenated, and a peculiar acid is formed, calk 
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ed fcbacic acid, which may likewife be formed by 
means of nitric acid. By deftru&ive diftiilation, it 
affords acid liquor, and empyreumatic oil, and hydro- 
carbonic gas, leaving a carbonaceous refiduum. 

5. The Brain confifts moftly of albumen, with fome 
faline fubftances, efpecially phoiphats of lime, foda, and 
ammonia. 
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CHAPTER XII. 



Of the Decompofition of Vegetable and Animal Subjlancc; 
by the Aclion of Fire, 



BEFORE we can thoroughly comprehend what, 
takes place during the decompofition of vegetable fub- 
ftances by fire, we mufl take into confideration the 
nature of the elements which enter into their compofi- 
tion, and the different affinities which the particles of 
thefe elements exert upon each other, and the affinity 
which caloric poffeffes with each of them. The true 
conflituent elements of vegetables are hydrogen, oxy- 
gen and carbon : Thefe are common to all vegetables, 
and no vegetable can exifl without them. Such other 
fubftances as exifl in particular vegetables are only ef- 
fential to the compofition of thofe in which they are 
found, and do not belong to vegetables in general. 

Of thefe elements, hydrogen and oxygen have a 
ftrong tendency to unite with caloric, and be converted 
into gas, while carbon is a fixed element, having little 
affinity with caloric. On the other hand, oxygen, 
which, in the ufual temperature, tends almofl equally 
to unite with hydrogen or with carbon, has a much 

x 
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ftronger affinity with carbon, when at the red heat', 
and then unites with it to form carbonic acid. 

Although we are far from being able to appreciate 
all thefe powers of affinity, or to exprefs their propor- 
tional energy by numbers, we are certain, that, how- 
ever variable they may be, when confidered in relation 
to the quantity of caloric with which they are com- 
bined, they are all nearly in equilibrium in the ufual 
temperature of the atmofphere j hence vegetables nei- 
ther contain oil f, water, nor carbonic acid, though 
they contain all the elements of thefe fubftances. The 
hydrogen is not combined particularly with the oxy- 
gen nor with the carbon ; and reciprocally : The par- 
ticles of thefe three fubftances form a triple combina- 
tion, which remains in equilibrium, while undifturbed 
by caloric ; but a very flight increafe of tempera- 
ture is fufficient to overturn this ftructure of combina- 
tion. 

If the mcreafed temperature to which the vegetable 
is expofed does not exceed the heat of boiling water, 
one part of the hydrogen combines with the oxygen, 
and forms water ; the reft of the hydrogen combines 
with a part of the carbon, and forms volatile oil ; 

* Though this term, red heat, does not indicate any ahfolutely determinate 
dfgree of temperature. I (hall ufe it fometimes to exprefs a temperature, confi- 
derably above thit of boiling water. — A. 

f 1 mull be understood here to fpeak of vegetables reduced to a perfectly 
drvfUte; an J, with refpudl to oil, I do not mean that which is procured by 
cxprelfion either in the cold, or in a temperature not exceeding that of boiling 
watr; I only allude to the empyreumatic oil procured bv diflillation with 
i. naked fire, in heat Superior to the temperature of boiling water, which is the 
only o'l d* ch-ircd to be produced by the operation of fire. What I have pub- 
lifiied upon this fubjtift in the Memoirs of the Academy for 1786 may be con- 
futed.— A. 
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while the remainder of the carbon, being fet free from 
its combination with the other elements*, remains fixed 
in the bottom of the diflilling veffel. 

When, on the contrary, we employ a red heat, no 
water is formed, or at leaft, any that may have been 
produced, by the firft application of the heat, is de- 
compofed : the oxygen, having a greater affinity with 
the carbon at this degree of heat, combines with it to 
form carbonic acid ; and the hydrogen, being left free 
from combination with the other elements, unites with 
caloric, and efcapes in the ftate of hydrogen gasf. In 
this high temperature, either no oil is formed, or if any 
has been produced during the lower temperature, at 
the beginning of the experiment, it is decompofed by 
the action of the red heat. Thus the decompofition 
of vegetable matter, under a high temperature, is pn> 
duced by the action of double and triple affinities ; 
while the carbon attracts the oxygen on purpofe to 
form carbonic acid, the caloric attracts the hydrogen, 
and converts it into hydrogen gas. 

The diftillation of every fpecies of vegetable fubftance 
confirms the truth of this theory, if we can give that 
name to a fimple relation of facts. When fugar is 
fubmitted to diftillation, fo long as we only employ a 
heat but a little below that of boiling water, it only 
lofes its water of cryftallization ; it (till remains fugar, 

* This ftatement is only partially true, for a fmall part of the ingredients 
remains very obftinately attached to the carbon, and can hardlv b< driven from 
it without the afliftance of oxygen, by means of which the carbon itfelf luffcrs 
combuftion. — T. 

f The hydrogen gas, produced in this way, is not pure, but holds a confider- 
able portion of carbon infolution: It is carbonated hydrogen gas, called, ia 
'Jxt old chemical language, Heavy inflammable air. — T, 
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and retains all its properties ; but, immediately upon 
railing the heat only a little above that degree, it be- 
comes blackened, a part of the carbon Separates from 
the combination, water ilightly acidulated pafles over, 
accompanied by a little oil, and the charcoal* which 
remains in the retort, is nearly a third part of the ori- 
ginal weight of the fugar. 

The operation of affinities which takes place, during 
the decompofition, by fire, of vegetables which contain 
azot, fuch as the cruciferous plants, and of thofe con- 
taining phofphorus, is more complicated ; but, as thefe 
fubflances only enter into the compofition of vegetables 
in very fmall quantities, they only, apparently, produce 
flight changes upon the products of diftillation. The 
phofphorus feems to combine with carbon, and, ac- 
quiring fixity from that union, remains behind in the 
retort ; while the azot, combining with a part of the 
hydrogen, forms ammoniacf or volatile alkali. 

Animal fubflances, being compofed nearly of the 
fame elements with cruciferous plants, give almofl the 
fame products in diftillation ; with this difference, that, 
as they contain a greater quantity of hydrogen and 
azot, they produce more oil and more ammoniac. I 
fhall only produce one fact as a proof of the exa&nefs 



' The term charcoal is here retained, becaufc it is flill contaminated with 
fevcral foreign matters. Carbon ilricAly fpeaking. is only uOd to denominate 
the pure elemental y and combuliible part of charcoal, which part adls alone in 
combinations and decompofitions.— T. 

f D<. Black's propofed term ammona, as will be more particularly noticed in 
the ftquel, feems better adapted a- a fingle term for this fubftance than the one 
here ufed. Btfid«s, in the above explanation, the an m<*niac or ammona, 
whichever term be preferred, is not pure, being combined with carbonic acid, 
wherefore it ought to have been named Carbonated ammoniac— T. 
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with which this theory explains all the phenomena that 
occur during the diftillation of animal fubftances ; 
which is the rectification, and total decomposition, of 
volatile animal oil, commonly known by the name of 
Dippels oil. When thele oils are procured by a firft 
diftillation in a naked fire they are brown, from con- 
taining a little carbon, almoft in a free flate ; but they 
become quite colourlefs by rectification : Even in this 
flate, the carbon in their compofition has fo flight a 
connection with the other elements as to feparate from 
them by mere expofure to the air. If we put a quan- 
tity of this animal oil, well rectified, and confequently 
clear, limpid, and tranfparent, into a bell-glafs, filled 
with oxygen gas over mercury, in a fhort time the gas is 
much diminifhed, being abforbed by the oil; the oxygen 
combining with the the hydrogen of the oil forms water, 
which finks to the bottom; at the fame time the carbon, 
which was combined with the hydrogen, being fet free, 
manifefts itfelf by rendering the oil black. Hence the 
only way of preferving thefe oils colourlefs and tranf- 
parent, is by keeping them in bottles perfectly full and 
accurately corked, to hinder the contact of air, which 
always difcolours them. 

SuccefTive rectifications of this oil furnifh another 
phenomenon confirming our theory. In each diftilla- 
tion a fmall quantity of charcoal remains in the retort ; 
and a little water is formed, by the union of the oxygen 
contained in the air of the diftilling veffels with the 
hydrogen of the oil. As this takes place in each fuc- 
ceflive diftillation, if we make ufe of large veffels and 
a confiderable degree of heat, we at Iaft decompofe the 
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whole of the oil, and change it entirely into water and 
charcoal. When we ufe fmall veffels, and efpecially 
when we employ a flow fire, or a degree of heat only 
a little above that of boiling water, the total decompo- 
fition of thefe oils, by repeated diftillation, is greatly 
more tedious, and more difficultly accomplifhed. I 
fhall give a particular detail to the Academy, in a fcpa- 
rate memoir, of all my experiments on the decompofi- 
tion of oil ; but what I have related above may fuffice 
to give ju(t general ideas of the compofition of animal, 
and vegetable fubflances, and of their decompofition 
by the action of fire. 
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CHAPTER XIII. 



Of the Decompofition of Vegetable Oxyds by the Vinous 
Fermentation. 



THE manner in which wine, cyder, mead, and all 
the liquors formed by the fpiritous fermentation, are 
produced, is well known to every one. The juice of 
grapes or of apples being exprefied, and the latter be- 
ing diluted with water, they are put into large vats, 
which are kept in a temperature of at leaft 54.5 of 
the thermometer. A rapid intefline motion, or fer- 
mentation, very foon takes place ; numerous globules 
form in the liquid, and burfl at the furface : when the 
fermentation is at its height, the quantity of gas dif- 
engaged is fo great as to make the liquor appear as if 
boiling violently over a fire. When this gas is careful- 
ly gathered, it is found to be carbonic acid perfectly 
pure*, and free from admixture with any other fpecies 
of air or gas. 

When the fermentation is completed, the juice of 
grapes is changed, from being fweet and full of fugar, 

* This aflertion of ths perfect purity of carbonic acid gas difengaged during 
the vinous fermentation, muft be taken with fome allowance ; for it alnioft al- 
ways, I believe conftantly, contains fome alcohol, befides a confiderabie quan- 
tity of aqueous gas or water, in folution. The latter dor? not affect its purity ; 
'he former does fo in fome degree. — T. 
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into a vinous liquor, which no longer contains any iu- 
gar, and from which we procure by diftillation an in- 
flammable liquor, known in commerce under the name 
of Spirit of Wine. As this liquor is produced by the 
fermentation of any faccharine matter whatever diluted 
with water, it muft have been contrary to the principles 
of our nomenclature to call it fpirit or wine rather 
than fpirit of cyder, or of fermented fugar ; wherefore 
we have adopted a more general term, and the Ara- 
bic word alcohol feems extremely proper for the pur- 
pofe. 

This operation is one of the mod extraordinary in 
chemiflry. We muft examine whence proceed the 
difengaged carbonic acid and the inflammable liquor 
produced, and in what manner a fweet vegetable oxyd 
becomes thus converted into two fuch oppofite fubftan- 
ces, whereof one is combuftible, and the other emi- 
nently the contrary. To folve thefe two queftions, it 
is neceffary to be previoufly acquainted with the analy- 
fis of the fermentable fubftance, and of the products of 
the fermentation. 

We may lay it down, as an inconteftible axiom, 
that, in all the operations of art and nature, no- 
thing is created. An equal quantity of matter exifts 
both before and after the experiment ; the quality and 
quantity of the elements remain precifely the fame : 
and nothing takes place beyond changes and modifica- 
tions in the combinations of thefe elements. Upon 
this principle the whole art of performing chemical 
experiments depends : We muft always fuppofe an ex- 
ad equality between the elements of the body exam- 
ined, and thofe of the products of its analyfis. 
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Hence, fince from tnuft of grapes we procure alco- 
hol and carbonic acid- I have undoubted right to fup- 
pofe that mufl confifls of carbonic acid and of alcohol*. 
From thefe premifes, we have two methods of afcer- 
taining what paffes during vinous fermentation : Either 
by determining the nature of, and the elements which 
compofe, the fermentable fubflances ; or by accurately 
examining the products refulting from fermentation ; 
and it is evident that the knowledge of either of thefe 
mufl lead to accurate coUclufions concerning the na- 
ture and compofition of the other. From thefe consi- 
derations, it became neceffary accurately to determine 
the conftituent elements of the fermentable fubflances; 
and, for this purpofe, I did not make ufe of the com- 
pound juices of fruits, the rigorous analyfis of which 
is perhaps impofTible, but made choice of fugar, which 
is eafily . .alyzed, and the nature of which I have al- 
ready explained This fubflance is a true vegetable 
oxyd with two bafes, compofed of hydrogen and car- 
bon, brought to the Mate of an oxyd, by means of a 
certain proportion of oxygen ; and thefe three elements 
are combined in fuch a way, that a very flight force is 
fumcient to deflroy the equilibrium of their connec- 
tion. By a long train of experiments, made in various 
ways, and often repeated, I afcertained that the pro- 
portion in which thefe ingredients exifl in fugar, are 
nearly 8 parts of hydrogen, 64 parts of oxygen, and 

* In this affertion the confequences do not ftridtty follow from the premifes ; 
becaufe from the muft of grapes we procure carbonic aci J and alcohol, it is a 
neceffary confequence thut the original mult contains the constituent elements 
of carbonic acid and of alcohol, but not that there products of fermentation are 
already formed. — T. 

V 
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28 parts of carbon, all by weight, forming 100 parts 
of fugar. 

Sugar muff be mixed with about four times its 
weight of water, to render it fufceptible of fermenta- 
tion ; and even the equilibrium of its elements would 
remain undiflurbed, without the affiftance of fome 
fubftance to give a commencement to the fermenta- 
tion*. This is accomplifhed by means of a little yeaft: 
from beer ; and, when the fermentation is once exci- 
ted, it continues itfelf until completed. I mail, in 
another place, give an account of the effects of yeaft, 
and other ferments, upon fermentable fubftances. I 
have ufually employed 10 libs, of yeaft, in the ftate of 
parte, for each 1 00 libs, of fugar, with as much water 
as is four times the weight of the fugar. I fhall give 
the refults of my experiments exactly as they were 
obtained, preferving even the fractions pr ie iuced by 
calculation. 



* This is not ftridUy true ; for, especially in warm weather, all fyrups are 
apt to run into fermentation, unlefs very rich of the fugar, and carefully pre- 
ferved At the fame time this fpontaneous fermentation is net fo regular at 
when affifted by yoaft, and is apt ta become in part acetous, before completing 
the vinous procefs.— T. 
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TABLE I. 

Materials of Fermentatioyi* 



libs. 
Water - 400. 

Sugar - 100. 

Yeaft, in parte, 10 libs. C Water - 7.2391493 

compofed of \ Dry Yeaft 2.7608507 



Total 510. libs. 

TABLE II. 

Conftituent Elements of the Materials of Fermentation. 



libs. 
407.2391493 libs, of water, C Hydrogen 61.0858724 
compofed of £ Oxygen 346.1532769 

f Hydrogen 8. 
100 libs, fugar, compofed of < Oxygen 64. 

C Carbon 28. 

"Hydrogen .2900716 
2.7608507 libs, of dry yeaft, 
compofed of 



Oxygen 1.6437457 

Carbon .7876519 

^Azot .0393815 



Total weight 510. libs. 

* The quantities in the original are exprefled in the common divifions of tlie 
Paris pound, but, to render the refults more generally ureful to the Englifh 
reader, they are all here reduced to decimals, which anfwer eguilly for any 
pound.— T- 
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TABLE III. 



Recapitulation of thefe Elements. 



a 

<x> 








of the water 
of the water in 

the yeafl 
of the fugar 
^of the dry yeafl 

of the water 
of the water in 

the yeafl 
of the fugar 
of the dry yeafl 

of the fugar 



libs. 
340. 

6.1532769 
64. 

I-6437457 J 
60. 

1.0858724 



libs. 

41 1.7970226 



► 69.3759440 



Q£ I of the yeafl 
Azot of the yeafl 



0.2900716^ 

2 o. 7 8 7 6 5 i 9 ] 28 -7 6 76 5 i9 
0.0393815 



In all 510. libs. 



Having thus accurately determined the nature and 
quantity of the conflituent elements of the materials 
fubmitted to fermentatation, we have next to examine 
the products refulting from that procefs. For this pur- 
pofe, I placed the above 510 libs, of fermentable liquor 
in a proper* apparatus, by means of which I could 
accurately determine the quantity and quality of gas 
difengaged during the fermentation, and could even 



* The above apparatus i» defcribed in the Third Part.— A. 
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weigh every one of the products feparately, at any pe- 
riod of the procefs I judged proper. 

An hour or two after the fubflances are mixed to- 
gether, efpecially if they are kept in a temperature of 
from 66° to y^ of the thermometer, the firfl marks 
of fermentation commence ; the liquor turns thick 
and frothy, little globules of air are difengaged, which 
rife and burfl at the furface ; the quantity of thefe 
globules quickly increafes, and there is a rapid and 
abundant production of very pure carbonic acid, ac- 
companied with a fcum, which is the yeaft feparating 
from the mixture. After fome days, iefs or more, ac- 
cording to the degree of heat, the inteftine motion and 
difengagement of gas diminifh ; but thefe do not ceafc 
entirely, nor is the fermentation completed for a con- 
fiderable time. During the procefs, 35.34581 16 libs. 
of dry carbonic acid are difengaged, which carry along 
with them 13.9140625 libs, of water. There remains 
in theveflel, 460.7401259 libs, of vinous liquor, flight- 
ly acidulous. This is at firfl muddy, but clears of 
itfelf, and depofits a portion of yeaft. When we fepa- 
rately analyze all thefe fubflances, which is effected by 
very troublefome proceffes, we have the remits as given 
in the following Tables. This procefs, with all the 
iubordinate calculations and analyfes, will be detailed 
at large in the Memoirs of the Academy. 
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TABLE IV. 



Products of Fermentation. 



libs. 
-ic.-iacSi 1 6 libs, of carbo- C ^ 

nic acid ,om- 3 ° X ^ en 2 5-449ooi 7 
pofedof £ Carbon 9.8968099 

408.9780816 //'fo. of water, C Oxygen 347.6314019 
compofed of £ Hydrogen 61.3466797 

" Oxygen,combined 

with hydrogen 31-3897570 

Hydrogen, combi- 
ned with oxygen 5-5393880 

Hydrogen, combi- 
ned with carbon 4.0390625 

Carbon, combined 

with hydrogen 16.7333984 

2.5000000 libs, of dry ace- C Hydrogen 0.1562500 
tous acid,com- < Oxygen 1 .7 1 87500 
pofedof C. Carbon 0.6250000 

4.0940755 //'£/. of refiduum C Hydrogen 0.3275825 
of fugar, com- < Oxygen 2.6201 1 72 
pofedof ^Carbon 1. 1463758 

(Hydrogen 0.1450738 

Oxygen 0.82 183 17 

Carbon 0.3938802 

Azot 0.0196397 



57.7016059 libs, of 
dry alco- 
hol,com- 
pofed of 



510 libs. 



510 libs. 
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TABLE V. 



Recapitulation of the Producli 





libs 




'Water 347. 


409.6308595//^ of ox- 


Carbonic acid 25. 


ygen con- 


Alcohol , 31. 


tained in 


Acetous acid 1. 


the 


Refiduumof fugar 2 




Y eaft 



c vi c f Carbonic acid 

28.7954643^.0^- Alcohol 

bon. con- | . 

j • < Acetous 
tamed in 



the 



7 l -55^°2> 6 5 libs - of 
hydrogen . 

contained < 

in the 



c 

16 
acid o 
Refiduumof fugar 1 
Yeaft o 



6314019 

4490017 

3 8 9757° 
7187500 

6201 172 

8218317 

,8968099 

•7333984 
6250000 
,1463758 
3938802 

3^ 66 797 



Water 61, 

Water of the al- 
ec* 1 ? 1 . 5-5393 88 ° 
Combined with 

the carbon of 

the alcohol 4. 
Acetous acid o. 
Refiduumoffugaro. 
Yeaft o. 



0.0196397 libs, of azot in the yeaft 



.0390625 
1562500 
•3 2 75 S2 5 
•i45°73 8 
.0197397 



510 libs. 



510 libs. 



In the calculation of thefe refults, I have been exact 
even to minutenefs : Not that it is poffible, in experi- 
ments of this nature, to carry our accuracy fo far \ but 
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as the experiments were made only with a few pounds 
of fugar, and, as for the fake of comparifon, I reduced 
the refults of the real experiments to the quintal, or 
imaginary hundred pounds, I thought it necefiary to 
leave the fractional parts precifely as produced by cal- 
culation. 

When we confider the refults prefented by thefe 
tables with attention, it is eafy to difcover exactly what 
occurs during fermentation In the firfl; place, out of 
the ioo libs, of fugar employed, 4.0940755 libs, re- 
main, without having fuffered decompofition ; fo that, 
in reality, we have only operated upon 95^9059245 libs. 
of fugar ; that is to fay, upon 61.379791 68 libs, of oxy- 
gen, 7.67247396 //fo. of hydrogen, and 26.85365886, 
libs, of carbon. By comparing thefe quantities, we 
find that they are fully fufficient for forming the whole 
of the alcohol, carbonic acid, and acetous acid, produ- 
ced by the fermentation. It is not, therefore, neceffa- 
ry to fuppofe that any water has been decompofed dur- 
ing the experiment, unlefs it be pretended that the 
oxygen and hydrogen exift in the fugar already com- 
bined in that form. On the contrary, I have already 
made it evident that hydrogen, oxygen, and carbon, 
the three condiment elements of vegetable fubftances, 
remain in a ftate of equilibrium, or mutual union with 
each other, which fubfifts fo long as this union remains 
undifturbed by increafed temperature, or by means of 
fome new compound attraction ; and that then only 
thefe elements combine, two and two together, to form 
water and carbonic acid. 

The effects of the vinous fermentation upon fugar 
is thus reduced to the mere feparation of its elements 
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into two portions ; one part is oxygenated at the experife 
of the other, fo as to form carbonic acid, while the 
other part, being difoxygenated in favour of the former, 
is converted into the combuftible fubftance called al- 
cohol ; therefore, if it were poffible to re-unite alcohol 
and carbonic acid together, we ought to form fugar. 
It is evident that the carbon and hydrogen in the al- 
cohol do not exift in the (late of oil, but that they are 
combined with a portion of oxygen, which renders 
them mifcible with water ; wherefore thefe three fub- 
ftances, oxygen, hydrogen, and carbon, exift here 
likewife in a fpecies of equilibrium, or reciprocal com- 
bination ; and, in fact, when they are made to pafs 
through a red-hot tube of glafs, or porcelain, this union 
or equilibrium is deftroyed ; thefe elements become 
recombined two and two, and water and carbonic acid 
are formed. 

I had formerly advanced, in my firfl: Memoirs upon 
the formation of water, that it was decompofed in a 
great number of chemical experiments, and particu- 
larly during the vinous fermentation. I then fuppofed 
that water exifted ready formed in fugar, though I am 
now convinced that fugar only contains the elements 
proper for compofing it. It may be readily conceived, 
that it muft have cofl me a good deal to abandon my 
firfl notions; but by feveral years reflection, and 
after a great number of experiments and obfervations 
upon vegetable fubftances, I have fixed my ideas as 
above. 

I mail finifh what I have fay upon vinous fermenta- 
tion, by obferving, that it furnifhes us with the means 
of analyzing fugar, and every vegetable fermentable 
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matter. We may confider the fubftances fubmitted 
to fermentation, and the products refulting from that 
operation, as forming an algebraic equation ; and, by 
fucceffively fuppofing each of the elements in this 
equation unknown, we can calculate their values in 
fucceflion, and thus verify our experiments by calcula- 
tions, and our calculations by experiments, reciprocally. 
I have often fuccefsfully employed this method for 
correcting the firft refults of my experiments, and to 
direct me in the proper road for repeating them to ad- 
vantage. I have explained myfelf more at large upon 
this fubjecl, in a Memoir upon vinous fermentation 
already prefented to the Academy, and which will 
fpeedily be publifhed. 
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CHAPTER XIV. 



Of the Putrefaclive Fermentation. 



THE phenomena of putrefa&ion are caufed, like* 
thofe of vinous fermentation, by the operation of ex- 
tremely complicated affinities. The condiment ele^ 
ments of the bodies which are fubmitted to this pro- 
cefs, ceafe to continue in equilibrium, in their original 
threefold combination, and form themfelves anew into 
binary combinations*, or compounds, confifting of two 
elements only ; but thefe are entirely different from 
the refults produced by the vinous fermentation. In- 
ftead of part of the hydrogen remaining united with 
part of the water and carbon to form alcohol, as in the 
vinous fermentation, the whole of the hydrogen is dif- 
fipated, during putrefaction, in the form of hydrogen 
gas ; while, at the fame time, the oxygen and car^ 
bon, uniting with caloric, efcape in the form of carbo- 
nic acid ; fo that, when the whole procefs is finifhed, 
efpecially if the materials have been mixed with a fuf- 
ficient quantity of water, nothing remains but the 
earth of the vegetable, mixed with a fmall portion of 
charcoal and iron. Thus, putrefaction is nothing 

* Binary combinations are fuch as confifl of two fimple elements combined 
together. Ternary, and quaternary, confifl of three and of four elements.— T. 
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more than a complete analyfis of vegetable fubftancc , 
during which the whole of the conftituent elements is 
difengaged in form of gas, except the earth, which 
remains in the (late of mould*. 

Such is the refult of putrefaction, when the fubftan- 
ces fubmitted to it contain only oxygen, hydrogen, car- 
bon, and a little earth. But this cafe is rare, and thefe 
fubftances putrefy imperfectly and with difficulty, and 
require a confiderable time to complete their putrefac- 
tion. It is otherwife with fubftances containing azot, 
which indeed exifts in all animal matters, and even in 
a confideral number of vegetable fubftances. This 
additional element is remarkably favourable to putre- 
faction ; and for this reafon, animal matter is mixed 
with vegetable, when the putrefaction of thefe is wifh- 
ed to be haftened. The whole art of forming com- 
pofts and dunghills, for the purpofes of agriculture, 
confifts in the proper application of this admixture. 

The addition of azot to the materials of putrefac- 
tion, not only accelerates the procefs, but that ele- 
ment likewife combines with part of the hydrogen, and 
forms a new fubftance, called "volatile alkali or ammo- 
niac. The refults obtained by analizing animal matters, 
by different proceffes, leave no room for doubt with 
regard to the conftituent elements of ammoniac ; for, 
whenever the azot has been previoufly feparated from 
thefe fubftances, no ammoniac is produced, and in all 
cafes they furnifli ammoniac only in proportion to the 
azot they contain. This compofition of ammoniac is 
likewife fully proved by Mr. Berthollet, in the Me- 

* In the Third Part will be given the defcription of an apparatus proper for 
bcicg ufed in experiments of this kind. — A. 



ELEMENTS OF CHEMISTRY. 



JX 93 



moirs of the Academy for 1781, p. 316, where he 
gives a variety of analytical procefles by which ammo- 
niac is decompofed, and its two elements, azot and 
hydrogen, procured feparately. 

I have already mentioned, in Chapter X, that al- 
moft all combuftible bodies are capable of being com- 
bined with each other : Hydrogen gas poffeffes this 
quality, of combining with other combuftible fub- 
ftances, in an eminent degree. It diflblves carbon, 
fulphur, and phofphorus, producing the compounds 
named carbonated hydrogen gas, fulphurated hydrogen 
gas, and phofphorated hydrogen gas. The two latter of 
thefe gafes have a peculiarly difagreeable flavour ; the 
fulphurated hydrogen gas has a ftrong refemblance to 
the fmell of rotten eggs, and the phofphorated fmells 
exactly like putrid fifh. Ammoniac has likewife a pe- 
culiar odour, not lefs penetrating or lefs difagreeable 
than thefe other gafes. From the mixture of thefe dif- 
ferent flavours, proceeds the fetor which always ac- 
companies the putrefaction of animal fubftances. 
Sometimes the ammoniac predominates, which is eafi- 
ly perceived by its fharpnefs upon the eyes ; fometimes, 
as in feculent matters, the fulphurated gas is mod pre- 
valent ; and fometimes, as in putrid herrings, the 
phofphorated hydrogen gas is moft abundant. 

I long fuppofed that nothing could derange or inter- 
rupt the courfe of putrefaction ; but Mr. Fourcroy and 
Mr. Thouret have obferved fome peculiar phenomena 
in dead bodies, buried at a certain depth, and preferv- 
ed to a certain degree from contact: with air ; having 
found the mufcular flefh frequently converted into true 
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animal fat*. This muft have arifen from the difen- 
gagement, by fome unknown caufe, of the azot, na- 
turally contained in the animal fubftance, leaving only 
the hydrogen and carbon remaining, which are the 
elements proper for producing fat or oil. This obfer- 
vation on the pofTibility of converting animal fubftances 
into fat, may fome time or other lead to difcoveries 
of great importance to fociety. The faeces of animals, 
and other excrementitious matters, are chiefly com- 
pofed of carbon and hydrogen, and approach confider- 
ably to the nature of oil, of which they furnifh a con- 
fiderable quantity by diflillation with a naked fire ; but 
the intolerable fetor, which accompanies all the pro- 
duels of thefe fubftances, prevents our expecting that, 
at lead: for a long time, they can be rendered uleful 
in any other way than as manures. 

I have only given conjectural approximations in this 
chapter, upon the compofition of animal fubftances, 
which is hitherto imperfectly underftood. We know 
that they are compofed of hydrogen, carbon, azot, 
phofphorus, and fulphur, all of which, in a ftate of 
quintuple combination, are brought to the ftate of 
oxyd by a larger or fmaller quantity of oxygen. We 
are, however, Mill unacquainted with the proportions in 
which thefe fubftances, are combined, and muft leave 
it to time to complete this part of chemical analyfis, as 
it has already done with feveral others. 



* This procefs has been lately imitated artificially , and the fatty fubftance, 
exactly fimilar in all refpedls to fpermacUi, can be readily rrvade from the flefh 
9X mufcular parts of all animal bodies.— T. 
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CHAPTER XV. 



Of the Acetous Fermentation. 



THE acetous fermentation is nothing more than the 
acidification or oxygenation of wine*, produced in the 
open air, by means of the abforption of oxygen. The 
refulting acid is the acetous acid, commonly called 
Vinegar, which is compofed of hydrogen and carbon 
united together in proportions not yet afcertained, and 
changed into the acid date by oxygen. As vinegar is 
an acid, we might conclude from analogy, that it con- 
tains oxygen, but this is put beyond doubt by dired: 
experiments : In the firft place, we cannot change 
wine into vinegar without the contact of air containing 
oxygen ; fecondly, this procefs is accompanied by a 
diminution of the volume of the air in which it is car- 
ried on, from the abforption of its oxygen ; and third- 
ly, wine may be changed into vinegar, by any other 
means of oxygenation. 

Independent of the proofs which thefe fafts furniih 
of the acetous acid being produced by the oxygenation 
of wine, an experiment made by Mr. Chaptal, Profef- 

* The word Wine, in this chapter, is ufed to fignify the liquor produced by 
the vinous fermentation, whatever vegetable fubftancc may have been ufed for 
obtaining it.— T. 
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for of Chemiftry at Montpellier, gives a diftinft view 
of what takes place in this procefs. He irhpreg 
fome water, with about its own bulk of carbonic acid 
from fermenting beer, and placed this water in a cel- 
lar, in veffels communicating with the air, and in a 
lhort time the whole was converted into acetous acid. 
This carbonic acid gas, procured from beer vats in fer- 
mentation, is not perfectly pure, but contains a great 
quantity of alcohol in folution, wherefore water im- 
pregnated with it contains all the materials neceflary 
for forming the acetous acid. The alcohol furnifhes 
hydrogen and one portion of carbon ; the carbonic acid 
furnifhes oxygen and the reft of the carbon ; and the 
air of the atmofphere furnifhes the reft of the oxygen 
neceflary for changing the mixture into acetous acid. 
From this obfervation it follows, that nothing but hy- 
drogen is wanting to convert carbonic acid into acetous 
acid ; or, more generally, that by means of hydrogen, 
and according to the degree of oxygenation, carbonic 
acid may be changed into all the vegetable acids ; and, 
on the contrary, that, by depriving any of the vegeta- 
ble acids of their hydrogen, they may be converted into 
carbonic acid. 

Although the principal fads relating to the acetous 
acid are well known, yet numerical precifion is (till 
Wanting, until furnifhed by more exact experiments 
than any hitherto performed ; wherefore 1 fhall not 
enlarge any farther upon the fubjett. It is fuffkiently 
fhewn by what has beenfaid, that the conflitution of all 
the vegetable acids and oxyds is exactly conformable 
to the formation of vinegar ; but farther experiments 
are neceffary to teach us the proportion of the conftj- 
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tuent elements in all thefe acids and oxyds. We may 
eafi'ly perceive, however, that this part of chemiflry, 
like all tne reft of its divifions, makes rapid progrefs 
towards perfeftion, and that it is already rendered 
greatly more fimple than was formerly believed. 



1 A 
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CHAPTER XVI. 



Of the Formation of Neutral Salts, and of their different 

Bafes. 



WE have juft feen, that all the oxyds and acids 
from the animal and vegetable kingdoms are formed 
from a fmall number of fimple elements, by means of 
combination with oxygen, or at leaft from fuch bodies 
as have not hitherto been fufceptible of decompofition, 
and which mutt therefore be confidered as fimple fub- 
flances, in the prefent (late of our knowledge ; thefe 
are azot, fulphur, phofphorus, carbon, hydrogen, and 
the muriatic radical*. We may juflly admire the fim- 
plicity of the means employed by nature to multiply 
qualities v and forms, whether by combining three or 
four acidifiable bafes in different proportions, or by 
altering the dofe of oxygen employed for oxydating or 
acidifying them. We fhall find the means no lefs fim- 
ple and diverfified, and as abundantly productive of 
forms and qualities, in the order of bodies we are now 
about to treat of. 

* 1 have not ventured to omit this element, as here enumerated with the 
Other principles of anim.il anil vegttabk- fubftances, though it is not at all taken 
notice of in the preceding chapters as entering into the compefition < 
bodies. It has been already mentioned in a former note, that the muriatic ra- 
dical is fufpectcd to be hydrogen — T. 
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Acidifiable fubftances, by combining with oxygen, 
and their confequent converfion into acids, acquire a 
great fufceptibility for farther combination ; they be- 
come capable of uniting with alkaline, earthy, and 
metallic bodies, by which means neutral falts are form- 
ed. Acids may therefore be confidpred as true Jellify- 
ing principles, and the fubftances with which they 
unite to form neutral falts may be called falifiable bafes : 
The nature of the union which thefe two principles 
form with each other is meant as the fubject. of the 
prefent chapter. 

The forgoing view of the acids prevents them from 
being confidered as falts, though they are poffeiTed of 
many of the principal properties of faline bodies, as 
folubility in water, &c. It is already obferved, that 
they are the refults of a firft order of combination, be- 
ing compofed of two fimple elements, or at lead of 
elements which act as if they were fimple, and they 
may therefore, be ranked, to ufe the language of Stahl, 
in the order of mixts. The neutral falts, on the con- 
trary, are of a fecondary order of combination, being- 
formed by the union of two mixts with each other, and 
may therefore be termed compounds. Hence I mail not 
arrange the alkalies* or earths in the clafs of falts, to 
which I allot only fuch as are compofed of an oxyge- 
nated fubftance united to a falifiable bafe. 

I have already enlarged fufficiently upon the forma- 
tion of acids in the preceding chapter, aid mail not 
add any thing farther upon that fubject ; but having 

* Perhaps thus rejecting the alkalies from the clafs of falts may be confider- 
ed as a capital defed: in the method here adopted, and I am ready 'o admit the 
charge ; but this inconvenience is compenfated by fo many advantages, that \ 
could not think it of fufficient confequence to make me alter my plan —A. 
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as yet taken no notice of the falifiable bafes which arc 
capable of uniting with them to form neutral ialts, I 
mean, in this chapter, to give an account of the na- 
ture and origin of each of thefe bafes. Thefe are pot- 
afh, foda, ammoniac, lime, magnefia, barytes, argil*, 
and all the metallic bodies. 

§ i. Of Potajh. 

We have already fhewn, that when a vegetable fub- 
ftance is fubmitted to the action of fire in diftilling vef- 
fels, its component elements, oxygen, hydrogen, and 
carbon, which formed a threefold combination in a 
Hate of equilibrium, unite two and two, in obedience 
to affinities which act conformable to the degree of 
lieat employed. Thus, at the firfl application of the 
fire, whenever the heat produced exceeds the temper- 
ature of boiling water, part of the oxygen and hydro- 
gen unite to form water ; foon after, the reft of the 
hydrogen and part of the carbon combine into oil ; 
and, laftly, when the fire is pufhed to the red heat, 
the oil and water, which had been formed in the early 
part of the procefs, become again decompofed, the 
oxygen and part of the carbon unite to form carbonic 
acid, a large quantity of hydrogen gas is fet free, and 
nothing but charcoal remains in the retort. 

A great part of thefe phenomena occur during the 
combuflion of vegetables in the open air ; but, in this 
cafe, the prefence of the air introduces three new fub- 

f Called Alumine by Mr. Lavoifkr; but as Argil has bf en in a manner na- 
turalized toth. language for this fubftance by Mr. Kirwan, I have venturad to 
ufe it in preference.— T. 
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fiances, the oxygen and azot of the air, and caloric, 
and, of thefe, two at lead produce confiderable changes 
in the refults of the operation. In proportion as the 
hydrogen of the vegetable, or that which arifes from 
the decomposition of the water, is forced out in the 
form of hydrogen gas by the progrefs of the fire, it is 
fet on fire immediately upon getting into contact with 
the air, water is again formed, and the greater part of 
the caloric of the two gafes becoming free produces 
flame. When all the hydrogen gas is driven out, 
burnt, and again reduced to water, the remaining car- 
bon continues to burn, but without flame ; it is form- 
ed into carbonic acid, which carries off a portion of 
caloric fufficient to give it the gafeous form ; the reft 
of the caloric, from the oxygen of the air, , being fet 
free, produces the heat and light obferved during the 
combuftion of the carbon. The whole vegetable is 
thus reduced to water and carbonic acid, and nothing 
remains but a fmall portion of grey earthy matter cal- 
led afhes, being the only really fixed principles which 
enter into the conflitution of vegetables. 

The earth, or rather afhes, which feldom exceeds a 
twentieth part of the weight of the vegetable, contains a 
fubftanceofa particular nature, known under the name 
of fixed vegetable alkali, or potafh. To obtain this, 
water is poured upon the afhes, which diflblves the 
potafh, and leaves the afhes which are infoluble ; by 
afterwards evaporating the water, we obtain the potafh 
in a white concrete form : It is very fixed even in a very 
high degree of heat. I do not mean here to defcribe 
the art of preparing potafh, or the method of procuring 
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it in a ftate of purity, but have entered into the above 
detail merely that I might not ufe any word, not pre- 
vioufly explained. 

The potafh obtained by this procefs, is always lefs 
or more faturated with carbonic acid, which is calily 
accounted for : As the potaih does not form, or at lead 
is not fet free, but in proportion as the carbon or the 
vegetable is converted into carbonic acid by the addi- 
tion of oxygen, either from the air or the water, it fol- 
lows, that each particle of potaih, at the inftant of its 
formation, or at lead of its liberation, is in contact 
with a particle of carbonic acid, and as there is a con- 
fiderable affinity between thefe two fubflances, they 
naturally combine together. Although the carbonic 
acid has lefs affinity with potaih, than any other acid, 
yet it is difficult to feparate the laft portions from it. 
The mofl ufual method of accomplifhing this is to 
diffolve the potafh in water ; to this folution two or 
three times its weight of quicklime arc added, then 
the liquor is filtrated, and evaporated in clofe vcfTels j 
the faline fubftance left by the evaporation is potafh 
almoft entirely deprived of carbonic acid. In this ftate 
it is foluble in an equal weight of water, and even at- 
tracts the moiflure of the air with great avidity ; by 
this property it furnifhes us with an excellent means of 
rendering air or gas dry by expofing them to its ac- 
tion. In this ftate, it is foluble in alcohol, though not 
when combined with carbonic acid ; and Mr. Berthol- 
let employs this property as a method of procuring 
potaih in the ftate of perfect purity. 

All vegetables yield lefs or more of potaih in confe- 
quence of combuftion, but it is furnifhed in various 
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degrees of purity by different vegetables ; ufually, in- 
deed, from whatever fource it be procured, it is mixed 
with different falts, from which, however, it is eafily 
feparable. We can hardly entertain a doubt, that the 
afhes, or earth, which is left by vegetables in combuf- 
tion, pre- xifted in them before they were burnt, 
forming what may be called the fkeleton, or ■offeous 
part of the vegetable. But it is quite otherwife with 
potafh : this fubftance has never yet been procured 
from vegetables but by means of proceffes or interme- 
dia capable of furnifhing oxygen and azot, fuch as 
combuftion, or by means of nitric acid ; fo that it is 
not yet demonftrated that potafh may not be a produce 
from thefe operations. I have begun a feries of expe- 
riments upon this fubj'ect, and hope foon to be able to 
give an account of their refults. 

§ 2. Of Soda. 

Soda, like potafh, is an alkali procured by lixiviation 
from the afhes of burnt plants, but only from thofe 
which grow upon the fea-fide, and efpecially from the 
herb kali, whence is derived the name alkali, given to 
this fubftance by the Arabians. It has fome properties 
in common with potafh, and others which are entirely 
different: In general, thefe two fubftances have pecu- 
liar characters in their faline combinations, which are 
proper to each, and confequently diftinguifh them from 
each other : thus foda, which, as obtained from ma- 
rine plants, is ufually entirely faturated with carbonic 
acid, does not attract the humidity of the atmofphere 
like potafh, but, on the contrary, it deficcates, its cryf- 
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fals cfHorefce, and are converted into a white powder 
having all the properties of foda, which it really is, 
having only loft its water of cryftallization. 

Hitherto we are not better acquainted with the con- 
ftituent elements of foda than with thofe of potafh, be- 
ing equally uncertain whether it prcvioufly exifted rea- 
dy formed in the vegetable, or if it be a combination 
of elements effected by combuftion. Analogy leads 
us to fufpect, that azot is a conftituent element of all 
the alkalies, as is the cafe with ammoniac ; but we 
have only flight prefumptions, unconfirmed by any de- 
cifive experiments, reflecting the compofition of pot- 
afh and foda*. 

§ 3. Of Ammoniac. 

We have, however, very accurate knowledge of the 
compofition of ammoniac or volatile alkali, as it is cal- 
led by the old chemifts. Mr. Berthollet in the Me- 
moirs of the Academy for 1784, p. 316, has proved 
by analyfis, that 1000 parts of this fubftance confift of 
about 807 parts of azot combined with 193 parts of 
hydrogen. 

Ammoniac is chiefly procurable from animal fub- 
ftances by diftillation, during which procefs the azot 
and hydrogen neceffary to its formation unite in proper 



* There are fome experiments related in the Tranfa&ions of the Turin 
Academy, which give reafon for fuppofing that foda li a modification of mag- 
nefia: This latter fubUance, according to the experiment- <ktai!ed by Baron 
Barn, and mentioned in the additional feiVon 01 this chapter, feems to be a 
metallic oxyd. From analogy we may, pr< fume, -hat potafh is likewife a me- 
tallic fubtlance, in fome hitherto unknown ftate o' combination. Wc fhall 
.thus exclude all the alkalies from the clafs of fimple elementary fubftances.— T 
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proportions ; it is not, however, procured pure by this 
procefs, being mixed with oil and water, and moftly 
faturated with carbonic acid. To feparate thefe fub- 
ftances, it is firfl combined with an acid, the muriatic 
for inflance, and then difengaged from that combina- 
tion by the addition of lime or potafh. When ammo- 
niac is thus produced in its greater! degree of purity, it 
can only exirt under the gafeous form, at leaft in the 
ufual temperature of the atmofphere ; it has an excef- 
fively penetrating fmell ; it is abforbed in large quan- 
tities by water, efpecially if cold, and amfted by com- 
preffion. Water thus faturated with ammoniac has 
ufually been termed volatile alkaline fluor ; we mall 
call it either fimply ammoniac, or liquid ammoniac, 
and ammoniacal gas when it exifls in the aeriform 
ftate*. 

§ 4. 0/ Lime, Magnefia, Barytes, Argil, Strontites, 
Zircon, Glucine, Tttria, and Agujline. 

The compofition of thefe earths is totally unknown, 
and until, by new difcoveries, their conftituent elements 
are afcertained, we are certainly authorifed to confider 
them as fimple bodies. Art has no fhare in the pro- 
duction of thefe earths, as they are all procured ready 
formed from nature ; but, as they have all, efpecially 



* The nomenclature of the alkalies propofed by Dr. Black, feems better than 
that adopted by Mr. Lavoificr and the French chemifts. Lima, trona, and am- 
mana, are equally convenient for ufe as potaffa, ©r potafh, foda, and ammoniac, 
and they are not fo apt to lead into miftakes; for the wordf of the new French 
chemical nomenclature have too much refemblance to old terms ufed for very 
different fubftances, or at lead for very different ftatei, in a chemical light, if 
fbe fame fubftances.— T. 
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the three firft, great tendency to combination, they are 
never found pure. Lime is ufually faturated with car- 
bonic acid in the ftate of chalk, calcareous fpars, moil 
of the marbles, &c. ; fometimes with fulphuric acid, 
as in gypfum and plafter flones ; at other times with 
fluoric acid forming vitreous or tluor fpars ; and, laftly, 
it is found in the waters of the fea, and of faline fprings, 
combined with muriatic acid. Of all the faliiiable 
, it is the moil univerfally fpread through nature. 

Magnefia is found in mineral water, for the mod 
part combined with fulphuric acid ; it is likewife abun- 
dant in fea-water, united with muriatic acid ; and it 
exifts in a great number of (tones of different kinds. 

Barytes is much lefs common than the two preced- 
ing earths ; it is found in the mineral kingdom, com- 
bined with fulphuric acid, forming heavy fpars, and 
fometimes, though rarely, united to carbonic acid. 

Argil, or the bafe of alum, having lefs tendency to 
combination with the other earths, is often found in 
the ftate of argil, uncombined with any acid. It is 
chiefly procurable from clays, of which, properly fpeak- 
ing, it is the bafe, or chief ingredient*. 

" On the 4th of November 1793, Dr. Hope, now 
Profeffor of Chemiftry in the Univerfity of Edinburgh, 
read to the Royal Society of Edinburgh, a very elabo- 
borate analyfr of a non-defcript mineral from the 
mines of Strontian in Argylefhire ; to which, from its 
place and ftrufture, he gives the name of Strontiiic- 
fpar ; and which he finds to confifl of a peculiar earth, 
hitherto undifcovered in any other mineral body, com- 

* For reafons finiilar to thofe given in the preceding note, Dr. Black pro- 
posed to name thefe four finale earths, Galea, Magoefis, Baryta and Ar£a.— T- 
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bined with carbonic acid. To this earth he has af- 
figned the name of Strontites, which agrees very well 
with the new nomenclature ; only that, perhaps, Stron- 
tita would have been more regular, for the rea.ons 
mentioned in the two preceding notes. In this ele- 
mentary treatife, a detailed account of this important 
difcovery cannot be given ; for which the reader is 
referred to the Tranfactions of the Royal Society of 
Edinburgh. Strontites has a pungent acrid tafte ; is 
foluble both in hot and cold water, but much more fo 
in hot, from which it cryftallizes in cooling ; its cold 
folutions attract carbonic acid from the atmofphere, 
form a cruft'of carbonat of Strontites on the furface, 
which breaks and falls to the bottom, exactlv as in 
lime, and is rediffolved by an excefs of acid. Stron- 
tites combines with the various acids, forming neutral 
falts ; and poffefTes different affinities with the acids 
from the other known earths. One of its mod re- 
markable properties, both when pure and in combina- 
tion with the acids, is that of tinging the flame of com- 
buftible bodies of a deep blood red colour ; to produce 
which effect, however, fome moifture muft be prefent. 
The order of affinities of the principal acids with 
Strontites, as determined by Dr. Hope's experiments, 
is as follows : 

Sulphuric. Nitric. Acetous. 

Oxalic. Muriatic. Arfeniac. 

Tartarous. Succinic. Boracic. 

Fluoric. Phofphoric. Carbonic. 

Its order of affinities with the feveral acids, relative 
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to the other falifiable bafes, fo far as afcertained by 
X)r. Hope, are inierted in the refpective tables in 
Part H*: M 

" Several new earthsf, or what have been fuppofed 
fuch, have lately been difcovered by different foreign 
chemifts Klaproth, in his analyfis of the jargon, 
thinks he has detected a new earth, to which he gives 
the name of Zircon, and which conftitutcs 68 hun- 
dredth parts of that foflil ; the reft being filex, with 
half a part of iron combined with nickel. Zircon is 
white, harfh, and infipid ; its fpecific gravity being to 
water as 4.300 to 1.000. It is infoluble in water, but 
unites into a gelatinous mafs, which becomes hard and 
femi-tranfparent when dry. It does not diffolve in a 
folution of potafh or foda, even by boiling. With the 
blow-pipe, even with the alkalies, it is infufible ; but 
runs into a tranfparent colourlefs glafs with borax. 
With intenfe heat, it becomes vitrefcent per fe, and is 
then extremely hard. It forms neutral falts with the 
acids ; and thefe are decompofible by all the alkalies, 
and by heat alone." 

" Vauquelin gives the name of Glaucine to an earth 
which he has difcovered in the emerald and beryl. It 
is white, light, foft, infipid, and adheres flightly to 
the tongue. It is not foluble in water, nor fufible per 
fe. It is foluble in the pure fixed alkalies, and in car- 
bonat of ammonia. With mod of the acids it enters 
into combinations, forming neutral falts of a highly 

* The wlvle of this account of Stroiitites was added by the tranflator to the 
the third edition. — T. 

f This account of the new earths is aided to the prcfent edition by the 
tranflator.— T. 
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faccharine tafte. Its affinities with the acids are inter- 
mediate between thofe of magnefia and argil." 

" Gaciolin, in a new foffil named Ytterby has detect- 
ed a new earth, which he calls Yttria. It is white, 
fmooth, and infipid ; infoluble in the alkalies ; infufi- 
ble alone, but vitrifies with borax ; forms neutral falts 
with the acids, and is precipitated by ammonia, by 
prufliat of potafh, and by tanin. Its falts are different 
in tafte from thofe of gbucine; and, as fome of its 
falts are coloured, it t#as been confidered as interme- 
diate between the earths and metals." 

" Trommfdorf, in the Saxon beryl, thinks he has 
difcovered a new earth, which he calls Aguftine^ from 
its falts being taftelefs. It is infoluble in the alkalies, 
either in the humid or dry way of operating ; infoluble 
in water ; but fomewhat ductile.. In a flrong heat it 
becomes very hard. With the acids it forms neu- 
tral falts." 

§ 5. Of Metallic Bodies. 

The metals, except gold, and fometimes filver, are 
rarely found in the mineral kingdom in their metallic 
ftate, being ufually lefs or more faturated with oxygen, 
or combined with fulphur, arfenic, fulphuric acid, mu- 
riatic acid, carbonic acid, or phofphoric acid. Metal- 
lurgy, or the docimaftic art, teaches the means of fepa- 
rating them from thefe foreign matters ; and for this 
purpofe we refer to fuch chemical books as treat upon 
thefe operations. 

We are probably only acquainted as yet with a part 
of the metallic fubftances exifting in nature, as all thofe 
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who have a flronger affinity to oxygen than carbon poi- 
feffes, are incapable, hitherto, of being reduced to 
the metallic ftate, and consequently, being only pre- 
fented to our obfervation under the form of oxyds. arc 
confounded with earths. It is extremely probable that 
barytes, which we have juft now arranged with earths, 
is in this fituation ; for in many experiments it exhibits 
properties nearly approaching to thofe of metallic bo- 
dies. It is even poffible that all the fubftances we call 
earths may be only metallic oxyds, irreducible by any 
hitherto known procefs. 

Thofe metallic bodies we are at prefent acquainted 
with, and which we can reduce to the metallic or reg- 
uline ftate, are the following feventeen. 



Latin Names. 

1. Arfenicum 

2. Molybdenum 

3. Tungftenum 

4. Manganefum, 

5. Nickolum 

6. Cobaltum 

7. Bifmuthum 

8. Antimonium 

9. Zincum 

10. Ferrum 

11. Stannum 

12. Plumbum 

13. Cuprum 

14. Mercurium 

15. Argentum 



Englijh Names. 

Arfenic 

Molybdena 

Tungftein 

Manganefe 

Nickel 

Cobalt 

Bifmuth 

Antimony 

Zinc 

Iron 

Tin 

Lead 

Copper 

Mercury 

Silver 
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1 6. Aurum Gold 

17. Platinum Platina*. 

I only mean to confider thefe as falifiable bafes, 
without entering at all upon the confideration of their 
properties in the arts, and for the ufes of fociety. In 
thefe points of view, each metal would require a com- 
plete treatife, which would lead me far beyond the 
bounds I have prefcribed for this work. 

§ 6. Of the Metallic Nature of the Earths ; and of 
feveral newly-difcovered Metals]. 

" In the laboratory of the Academy of the mines at 
Chemnitz in Lower Hungary, fome experiments have 
been lately made, by Meflrs. Tondi and Ruprecht, by 
which the number of the metals feems to be confider- 
ably augmented. Befides afcertaining the real metal- 
lic nature of Tungftein, Molybdena, and Manganefe, 
which fome chemifts had doubted, but all of which 
have been reduced to the reguline form by thefe two 
chemifts, they have fucceeded in procuring metallic 
reguli from Chalk, Magnefia and Barytes. Of thefe 

* To thefe may now be added, the following new metals : 

18. Barytum. 32. Titanium. 

19 Magnefium. 2.3. Tellurium. 

20. Calcum. 54. Chromum. 

%i. Uranium. 
For which fee the immediately fubfequent Sedtion, added entirely by theTranf- 
lator.— T. 

f The whole of this fedion has been added by the Tranflator. So much as 
refers to Barytes, Magnefia, Chalk, and Uranium, was inferted in the fecond, 
third, and fourth editions; What relates to Titanium, Tellurium, and Chro- 
mum, is now firfl added to this fi r th edition.— T. 
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experiments, it may be proper to give fome account in 
this place, from the dcfcription of the cabinet of Madc- 
moifelle Raab of Vienna, by Baron Born. 

Barytes. 

" After having punned fome Barytes, by repeated 
fufions and precipitations, it was mixed with an eight 
part of its weight of powdered charcoal, and made into 
a pafte with lintfeed oil : this was put into a crucible, 
furrounded by powdered charcoal, and fubmitted to a 
ftrong melting heat for an hour and a half. A per- 
fect metallic regulus was procured, of an iron-grey 
colour and uniform metallic luflre ; its texture is la- 
mellated, compofed of large diftinct lamellae, which 
crofs each other: it is brittle, but not hard, and rea- 
dily takes a polifh ; is attracted by the magnet, not- 
withstanding every poffible precaution to feparate any 
martial oxyd which might have previoufly been mixed 
with the mineral. The fpecific gravity of this new 
metal is 6.744, water being taken as unity." 

Magnejia. 

" By treating the carbonat of magnefia in the fame 
manner, they obtained a convex lump or globule of 
metallic regulus, of a bright grey colour, fimilar to 
platina which has not been fully purified from iron. 
This regulus is harder than thole obtained from tung- 
ftein or molybdena ; it is granular and fomewhat 
ftriated in its texture when broken, and is not affected 
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by the magnet. Its fpecific gravity and other proper- 
ties have not yet been afcertained." 

Chalk. 

" By the fame method of proceeding, a regulus has 
likewife been procured from carbonat of chalk. The 
button was convex, and very compact in its texture'; 
in colour and luftre it came very near to the appear- 
ance of platina, and it took a fine polifh. Its fpecific 
gravity, and chemical relations have not yet been af- 
certained by experiment." 

" Thefe experiments have been frequently repeated 
by the above-mentioned gentlemen, and always with 
the fame remits. Should they eventually be confirm- 
ed by rigorous examination, a new light will be 
thrown on feveral of the mod difficult parts of che- 
miftry by thefe difcoveries, which have already been 
in a great meafure predicted, by the conjecture of Mr. 
Lavoifier, who fuppofes that thofe fubftances, which 
have long been confidered as primitive earths, are 
only metallic oxyds combined with oxygen, and that 
their reduction has hitherto been prevented by the 
attraction which fubfifts between them and oxygen 
being ftronger than that between oxygen and car- 
bon." 

Mr. Baron Born adds to the above account, "that he 
" expects foon to learn that the filiceous and argilla- 
" ceous earths are likewife metallic oxyds, and that, 
" in this cafe, the whole clafs of earths and (tones will 
" difappear from the mineral kingdom. The difco- 
" very is certainly one of the moft important that 

1 c 
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" modern chemiftry has produced for a long while ; 
" it mult have great influence in changing our metal- 
" lurgic procefles, which will thereby become more 
" certain in their refults, and more fcientific in their 
i{ application ; even every branch of chemiftry may 
" receive confiderable light and improvement from 
" their influence. Perhaps gold and filvcr are the 
" only pure metallic fubftances hitherto known, as it 
" is probable, that fome part of the, till now un- 
" known, metals, from the earths employed for facili- 
" tating the fmelting of ores, may mix with the metals 
" which we extract from thefe ores, and debafe them ; 
" fo that, inftead of fimple or pure metals, which they 
" were formerly confidered, thefe may only be alloys, 
" of the ingredients of which we are (till ignorant. 
" Perhaps the regulus of barytes and of chalk are 
" fo!uble in the fame acids, and precipitated by the 
" fame elective attractions, as the regulus of copper, 
" which may be the caufe of this mixture not being 
" hitherto fufpected. From this mixture, or alloyage, 
" the harfhnefs and greater or lefler ductility of iron, 
" copper, tin, and other metals, may be derived. All 
" thefe conjectures can only be afcertained or rejected, 
" when all thefe newly-difcovered metals (hall have 
" been properly examined, and their chemical affini- 
s compared accurately with thofe of the metals 
" already known, and with each other. One thing 
" feems highly probable that one or other of thefe new 
" metals will precipitate fome of the other metals from 
" folutions in a metallic form, and by this propc rty 
" many metallurgic procefles may become greatly faci- 
*' litated and abridged." 
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" Thefe difcoveries give reafon to hope that chemif- 
try may one day arrive at a moft beautiful (late of fim- 
plicity. It is perhaps no improbable conjecture, that 
all the bodies in nature may be referred to one clafs 
of firaple combuftible elementary fubftances, to oxy- 
and to caloric; and, that, from the various com- 
I us of thefe with each other, all the variety pro- 

id by nature and art may arife. The only known 
d:ffjronce between metals and pure combuftibles, as 
they are called, is in degrees of qualities : They are 
all combuftible, that is, they all combine with oxygen, 
though under* different degrees of temperature : They 
are all Iblid, or liquid, or aeriform, fixed or volatile at 
different temperatures : In different degrees of fatura- 
ration witruoxygen, they form oxyds, which have al- 
kaline properties or acids. In the flate of oxyds, the 
formerly known metals have all the properties of what 
were formerly called primitive earths, which are now 
at leaft fufpected of being metallic oxyds : Even the 
aeriform nature of hydrogen and azot, which does not 
feparate them from the reft fo far as combuflibility is 
concerned, is only a difference in degree of volatility. 
We do not exclude mercury from the metals, becaufe 
it is volatile in the temperature of 6oo°, and fufes at 
— 40% though iron is fixed at 24000 , according to 
Mr. Wedgewood's experiments, and requires 25077 
for its fufion ; why then fliould hydrogen and azot be 
excluded from a clafs with which they agree in fo 
many particulars, becaufe their points of fufion and vo- 
latility are perhaps as many degrees below thofe be- 
longing to mercury as this latter falls ihort of thofe of 
iron; or why fhould. carbon, fulphur, and phofphorus. 
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not be confidcrcd as metals, becaufe their fpccific gra- 
vity, and luftre, and ductility, differ from the bodies 
called metals, which differ lb much in thefe particu- 
lars among themfelves ? 

" To thefe three new metals Mr. Tondi wiflies to 
give the names of b > rbonium, for the regulus of ba- 
rytes ; auftrum, for the regulus from Magnefia ; and 
parthenum for that of chalk. It were hard to deny a 
dncoverer the right of giving names to his own dilco- 
veries, without fome rcafonable objection ; but thefe 
names would introduce confufion into chemical no- 
menclature, which it has been the great object of the 
French chemifts to reform, and render regular ; where- 
fore I would propofe that they mould be named bary- 
fum. magnefium, and calcum : Thefe accord with the 
reformed old names of the fubftances from which they 
are procured, merely by changing to the neuter 
gender, in which all the names of the metals are placed 
in the new nomenclature, and then the three, former- 
ly called earths, will be oxyds of thefe metals refpec- 
tively, or baryta, magnefia, and ca/ca, if fingle terms 
are preferred, thefe latter being in the feminine gender, 
which is appropriated to alkaline fubftanccs in the new 
nomenclature. 

" It muft not, however, be concealed that the truth 
of thefe difcoveries is ftrongly contefted by very emi- 
nent chemifts, who infift that the metallic buttons, 
produced in the experiments of Meffrs. Tondi and 
Ruprecht, arife entirely from the manganefe and iron 
of the charcoal, or from fome fimilar alloyage of ma- 
terials from the crucibles or tefts employed, and that 
they have no farther pretenfions to be confidered as 
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diftinct. metals than the fiderite, now known to be 
phosphorated iron, or than plumbago, or black lead." 

" Mr. Klaproth, -a celebrated chemift at Berlin, has 
lately difcovered a new metal, to which he gives the 
name of Uranium ; and he diftinguifhes its various mi- 
neral forms by the generic term of Uranite. His nu- 
merous experiments on thk fubject. are publifhed in 
Crell's Chemical Journal, and in the Annales de Chy- 
mie ; and the following general account of the mine- 
rals, and of the metal, was confidered as proper to be 
given in this place. 

" The Uranite occurs in feveral forms which were 
formerly overlooked, by chemifts and mineralogifls, 
being confidered as very poor ores of copper, bccaufe 
they moftly contain a little of that metal : They are 
chiefly found near Johan-georgen Stadt in Saxony, 
Salfeldt in Thuringia, and Joachims-thal in Bohemia : 
Thefe may be divided into three genera, the ochreous, 
the fpathiform, and the mineralized, or ore. The 
ochreous, or uranite ochre, called uranit-oker in the 
German language, is of a lemon yellow colour of va- 
rious (hades, and being frequently more or lefs mixed 
with iron ochre, its colour is thereby changed to vari- 
ous fhades of brown ; fometimes it is in a powdery 
ftate, and at other times it is caked together in maffes 
of different degrees of compactnefs ; it is generally 
found covering or adhering to pieces of the mineraliz- 
ed uranite. The fpathiform, of uranite fpar, called in 
German uranit-fpath, the chalkolith of Mr. Werner, is 
generally of a deep grafs green colour, fometimes verg- 
ing to a filver white, and at other times to a light 
yellowifh green ; it is fometimes compact and irregular 
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in its form, and is fometimcs cryftallized in fmall min- 
ing fquare and tranfparent tables, which are occafk*- 
ally To thick as to be almoft cubes ! thefe cryitals are 
lamellated in the fracture, and feel foft to the touch : 
they arc often found in fpots, flattered over the furface 
of micaceous ffiift, granite, or a mixture of quartz and 
black uranite ore. Both the ochre and fpar diilolve 
entirely in nitric acid. The mineralized, or uranite 
ore, called in German uranit-crz, pech-bkndc, or pech- 
erz, is of a dark black brown colour : it is tolerably 
hard, has a greafy luftre, breaks compact, and is black 
where fcratched : it is very heavy, the ipecific gravity 
being 7.500 : it does not melt in the fire by itfelf, but 
is reduced under the blow-pipe with the addition of 
phofphoric acid, to a green vitreous globule : it dif- 
folves imperfectly in the acids, but beft in the nitrous, 
the diffolution being of a pale white-wine colour. 

" Uranium, the metal procured from thefe mineral 
fubftances, is even more difficultly fufed than manga- 
nefe : its fpecific gravity 6.440 : it is of a dark grey 
colour, becoming brown when fcratched : its brilliancy 
is flight ; and it is rather foft, being eafily cut with a 
knife or file. It diffolves very imperfectly in the iul- 
phuric and muriatic acids, but very readily, and with 
confiderable evolution of heat, in nitric and nitro-mu- 
riatic acids : From this diffolution its oxyd is precipitat- 
ed of a yellow colour by the pure alkalies, and the pre- 
cipitates are re-diffolved by an excefs of alkali : with 
the alkaline carbonats the precipitates are whitifh, and 
reddifh brown when the pruffiats are employed : Thefe 
oxyds do not melt under the blow-pipe, without addi- 
tion, but with foda and borax they melt into a brown 
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button, and with phofphoric acid the button is of a 
green colour." 

" In * a greyifh-black metallic fand, found in the 
vale of Menachan in Cornwall, Mr. Macgregor has 
lately detected a peculiar metallic oxyd, mixed with 
filox and the oxyds of iron and manganefe, to which 
he gives the name of Menachanite. Klaproth has 
fince difcovered the fame in the red fchorl of the Hun- 
garian mines, and in a mineral named Siderotitanium, 
from which he calls the new metal Titanium. The 
oxyd is red ; but when partially reduced, by heat- 
ing with inflammable fubftances, it becomes yellow 
or blue. It is very hard and infufible. By means of 
heat, it is diffolved in dilute fulphuric, nitric, and mu- 
riatic acids, alfuming a gelatinous confidence. From 
this folution cryftals are obtained by fpontaneous eva- 
poration ; but thefe falts are decompofed by boiling. 
Thay are likewife decompofed by pruffiat of potafh 
and by gallic acid ; the former giving a green precipi- 
tate, and the latter a brownifli red. Vauquelin has 
been able to deoxydate this metal, though extremely 
refractory, and apparently volatile. It is brittle, of 
a cryflalline ftructure, and reddifh-yellow in its co- 
lour ; and will not unite with any of the metals except 
iron." 

" From an ore of gold called aurum problemati- 
cum, and feveral other ores of that metal, Muller and 
Klaproth have extracted a new metal, to which has 
been given the name of Tellurium. It is white or 
greyifh, with confiderable luftre; brittle, lamellated, 

* The remainder of this lection is added by the tranflator t» the prefcnt 
edition. — T. 
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and its furface becomes cryftallinc on cooling : It is 
very fufible and extremely volatile, burning with a 
blue flame when much heated. The oxyd is white, 
becoming yellow when heated ; is eafily volatilized, 
and very readily reducible. Tellurium diffolvcs in 
nitric and nitro-muriatic acids, from the latter of which 
its oxyd is precipitated by water. With fulphuric acid 
it forms a fine red folu-ion ; the colour of which dif- 
appears by heat, or by dilution with water. From all 
thefe folutions the oxyd is precipitated by all the alka- 
lies, but is reJiflblved by excefs of alkali. Iron, zinc, 
tin, and antimony, precipitate it from thefe folutions 
in. a metallic ftate. It amalgamates with mercury, 
and alloys with feveral of the metals. Its fpecific gra- 
vity is 6.1 15." 

" From the red lead ore of Siberia, Vauquelin has 
lately extracted a metallic fubflance, to which he gives 
the name of Chrome or Cbron/um, from its property of 
giving brilliant colours to moft of its combinations. 
In the Siberian red lead ore, this metal exifts in the 
ftate of an acid; and it has likewife been found fimi- 
larly combined with iron. The fame chemift has af- 
certained that the emerald owes its colour to the oxyd 
of this metal, and fufpects it to ferve the fame purpofe 
in other gems. The acid ofchromum, or the chro- 
mic acid, is of a fine ruby colour, and forms prifmatic 
cryftals, which are foluble in water, having a fh,rp 
metallic tafte. Chromic acid combines with the alka- 
lies, forming golden yellow crydallizable falts. It 
combines with all the metals, forming compounds of 
fplendid colours. With phofphoric acid, or borat of 
foda, it fufes into vitreous globules of a fine emerald 
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green colour. When heated with muriatic acid, it 
lofes part of its oxygen ; oxygenated muriatic acid is 
formed, and the oxyd of chromum is diffolved, giving 
a rich deep green colour to the folution. The red 
chromic acid may likewife be reduced to a green oxyd, 
by heating it with the blow-pipe in contact with char- 
coal. Chromic acid is reduced to the metallic flate, 
by expofure to violent heat, completely bedded in pow- 
dered charcoal. The metal is greyilh, brittle, bril- 
liant, difficultly fufed, and difpofed to cryftallize, in 
cooling. When heated in contact with air, its furface 
changes to a green oxyd. It may be oxygenated, but 
with great difficulty, by dif tilling from it to drynefs, 
twenty times its weight of concentrated nitric acid, fe- 
veral times fucceffively." 

" Although chemical analyfis is now reduced to 
great accuracy, it is not impoffible that fome of thefe 
new metallic fubftances may turn out only very refrac- 
tory combinations of already known metals. The fide- 
rite of Scheele and Bergman, ought to make chemifts 
extremely cautious of pronouncing definitively on fuch 
difcoveries. This remark may likewife be applied to 
the newly difcovered earths." 
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CHAPTER XVII. 



Continuation of the Obfervations upon Salifiable" Bafes, 
a?id the Formation of Neutral Salts. 



IT is neceffary to remark, that earths and alkalies 
unite with acids to form neutral falts without the inter- 
vention of any medium, whereas metallic fubflances 
are incapable of forming this combination, without be- 
ing previoufly lefs or more oxygenated ; ftrictly fpeak- 
ing, therefore, metals are not foluble in acids, but on- 
ly metallic oxyds. Hence, when a metal is put into 
an acid for folution, it is neceflary, in the firft place, 
that it become oxygenated, either by attracting oxygen 
from the acid, or from the water with which the acid 
is diluted ; or, in other words, that a metal cannot be 
diflblved in an acid, unlefs the oxygen either of the 
acid, or of the water mixed with it, has a flronger af- 
finity to the metal than to the hydrogen or the acidifi- 
able bafe ; or, what amounts to the fame thing, that 
no metallic diflblution can take place, without a pre- 
vious decompofition of the water, or of the acid in 
which it is made. The explanation of the principal 
phenomena of metallic diflblution depends entirely on 
this fimple obfervation, which was overlooked even by 
the illuftrious Bergman. 
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The firft and mod ftriking of thefe phenomena is 
the effervefcence, or, to fpcak lefs equivocally, the 
difengagement of gas, which takes place during the 
folution ; in the folutions made in nitric acid, this effer- 
vefcence is produced by the difengagement of nitrous 
gas ; in folutions with fulphuric acid it is either fulphur- 
ous acid gas or hydrogen gas, according as the oxyda- 
tion of the metal happens to be made at the expence 
of the fulphuric acid or of the water. As both nitric 
acid and water are compofed of elements which, when 
feparate, can only exift in the gafeous form, at lead in 
the common temperature of the atmofphere, it is evi- 
dent that, whenever either of thefe is deprived of its 
oxygen, the remaining element muft inftantly expand 
and affnrae the flateofgas; the effervefcence is occa- 
sioned by this fudden converfion from the liquid to the 
gafeous ftate. The fame decorrpofition, and confe- 
quent formation of gas, takes place when folutions of 
metals are made in fulphuric acid : In general, efpe- 
cially by the humid way, metals do not attract all the 
oxygen it contains ; they therefore reduce it, not into 
fulphur, but into fulphurous acid, and as this acid can 
only exifl as gas in the ufual temperature, it is difen- 
gaged, and occafions effervefcence. 

The fecond obfervable phenomenon is, that, when 
the metals have been previoufly oxydated, they all 
diffolve in acids without effervefcence : This is eafily 
explained ; becaufe, not having now any occafion for 
combining with oxygen, they neither decompofe the 
acid nor the water, by which decompofition, in the for- 
mer cafe, the effervefcence is occafioned. 

A third phenomenon, which requires particular 
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confideration, is, that none of the -metals produce ei-> 
fervefcence by folution in oxygenated muriatic acid. 
During this procefs the metal, in the firft place, carried 
off the cxcefs of oxygen from the oxygenated muriatic 
acid, by which it becomes oxy dated, and reduces the 
acid to the flate of ordinary muriatic acid. In this 
cafe there is no production of gas ; not that the muri- 
atic acid does not tend to exiit in the gafeous if ate in 
the common temperature, which it does equally with 
the acids formerly mentioned, but becaufe this acid, 
which otherwife would expand into gas, finds more 
water combined with the oxygenated muriatic acid 
than is neceflary to retain it in the liquid form j hence 
it does not difengage like the fulphurous acid, but 
remains, and quietly diffolves and combines with the 
metallic oxyd previoufly formed from its fuperabun- 
dant oxygen. 

The fourth phenomenon worthy of notice is, that 
metals are absolutely infoluble in fuch acids as have 
their bafes joined to oxygen by a ftronger affinity than 
thefe metals are capable of exerting upon that acidify- 
ing "principle. Hence filver, mercury, and lead, in 
their metallic ftates, are infoluble in muriatic acid, but, 
when previoufly oxydated, they become readily foluble 
without effervefcence. 

From thefe phenomena it appears that oxygen is 
the bond of union between metals and acids ; and from 
this we are led to fuppofe that oxygen is contained in 
all fubftances which have a ftrong affinity with acids : 
Hence it is very probable that the four eminently fali- 
fiable earths contain oxygen, and that their capability 
of uniting with acids is produced by the intermedia- 
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tlon of that element. What I have formerly noticed 
relative to thefe earths, viz. that they may very poffi- 
bly be metallic oxyds, with which oxygen has a ftrong- 
er affinity than with carbon, and confequently are not 
reducible by any known means, is confiderably 
ftrengthened by the above confiderations. 

All the acids hitherto known are enumerated in the 
following table ; the firfl column contains the names 
of the acids, according to the new nomenclature, in 
Latin ; in the fecond column, the Englim names, ac- 
cording to the fame nomenclature, are placed ; the 
third contains thebafes or radicals of thefe acids. 



TABLE OF ALL THE KNOWN ACIDS. 



Latin A r ames. English JVames. Bases. 



1 . Acidum sulphurosum Sulphurous acid ? c t v 

2. — — sulphuricum Sulphuric 5 buI P h " r 

3. phosphorosum Phosphorous 5 „, 

4. phosphoricum Phosphoric 5 ™ os Pho™ 

5. muriaticum Muriatic ? tt t 

6. oxygenatum* Oxygenated muriatic 5 Unknow;n + 

7. nitrosum Nitrous "J 

8. nitricum Nitric vAzot 

9. oxygenatumf Oxygenated nitric J 

10. carbonicum Carbonic Carbon 



* This term might be changed for Acidum murioxicum, Murioxic acid T. 

f In a former note Hydrogen is mentioned as the fuppofed bafc of this 
acid.— T. 

f This might more conveniently be nam«d Acidum nitroxicum, or Nitroxic 
acid— T, 
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11. 
12. 
13. 
14. 
15. 
16. 
17> 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28.' 
29. 
30. 
31. 
52. 
33. 
34. 
35. 
36. 
37. 

5?. 
40. 
41. 

42. 
43. 

45. 
46. 

47. 



acctosum 

um 
bxalicum 

osum 
pyro-tartarosum 
citricum 
malicum 
pyro-lignosum 
pyro-mucosum 

um 

I um 
benzoicum 
succinicum 
camphoricum 

• lacticum 
saccho lacticum 

• bombicum 

■ formicum 

■ scbacicum 

■ boracicum 

• fluoricum 

• antimonicum 

- argenticum 

■ arseniacuin 

• bismuthecum 

■ cobalticum 

■ cupricum 

icum 

■ ierricum 

• manganicum 

• merquricumf 

■ mo'ybdicum 

■ nickolicum 

um 

- platinicurri 

- plumbicum 

• tungsticum 



Acetous 

Acetic 

Oxalic 

T0US 

Pyro-tartarous 

Citric 

Malic 

Pyro-lignous 

Pyro-mucous 

Gallic 

Prussic 

Benzoic 

Succinic 

Camphoric 

Lactic 

Saccho lactic 

Bombic 

Formic 

Sebacic 

Boracic 

Fluoric 

Antimonic 

Argentic 

Arseniac* 

Bismuthic 

Cobaltic 

Cupric 

Stannic 

Ferric 

Manganic 

Mercuric 

Molybdic 

Nickolic 

Auric 

Platinic 

Plumbic 

Tungstic 



Compound 

• lis. 1st. 



Compound 
r Sec Obs. 2d. 



Compound 
See Obs. 3(]. 

Unknown • 

Antimony 

Silver 

Arsenic 

Bismuth 
Cobalt 
Copper 
Tin 

Iron 

Manganese 

Mercury 

Molvbdcna 

Nickel 

Cold 

Platina 

Lead 

Tungstein 



* This term differs a little from the general rule, in making the name ter- 
minate in ac. inftead of ic. The bafc and acid are diftinguifhed in French by 
Arfen/c and Arfemgue; but, as the fyllable ic was thought molt convenient for 
tht Englifh trar.flation of the French ique, it became nectffary to ufe this fmall 
deviation. — T. 

\ Mr. I.avoifier has Hydrargiriqui; bit Mercurium being ufed for the me- 
tal or bafe, the name of this acid, as above, is at Icaft equally regular, and 
lefs harfh.— T. 
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48. zincicum Zincic Zinc 

49. chromicum Chromic Chromum 

50. zoonicum Zoor.ic Compound 

5 1 . suberieum Suberic Compound * 

Obfervations on the foregoing Table. 

\Ji, The bafes or radicals of the acids from No. 1 1 
to No. 19 inclufive, feem to be formed by a combina- 
tion of carbon and hydrogen ; and the only difference 
appears to proceed from the diffimilar proportions in 
which thefe elements combine to form the bafes of 
thefe acids, together with the different quantities of 
oxygen in their acidification. A connected feries of 
accurate experiments is ftill wanted to illuftrate this 
fubject. in a fatisfactory manner. 

2d, The bafes or radicals of the acids from No. 20 
to 26 inclufive, are hitherto very imperfectly known ; 
we only know that hydrogen and carbon are their 
principal elements, and that the pruftic acid contains 
likewife fome azot. 

3d, The bafes of the acids 27, 28, 29, and all others 
obtained from animal fubftances, are ftill very imper- 
fectly known, and require farther inveftigation ; for 
they feem to confift of carbon, hydrogen, phofphorus, 
and azot, united together, but the particular propor- 
tions of thefe elements in each, and the degrees of 
oxydation are unascertained. 

In this lift, which contains 48 acidsf, I have enume- 
rated 1 7 metallic acids hitherto very imperfectly un- 

Thefe three laft ire newly-difcovcrcd acids.~T. 
■f Together with three added in this edition. 
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known*, but upon which Mr. Berthollet is about to 
publifh a very important work. It cannot be pretend- 
ed that all the acids which exift in nature, or rather 
all the acidifiable bafes, are yet difcovered ; but, on 
the other, hand, there are considerable grounds for 
fuppofing that a more accurate inveftigation than has 
hitherto been attempted, wiM diminifh the number of 
the vegetable acids, by mewing that feveral of thefe, 
at prefent confidered as diftin£t acids, are only modi- 
fications of others. All that can be done in the pre- 
fent ftate of our knowledge is, to give a view of che- 
miftry as it really is, and to eftablifh fundamental 
principles, by which fuch bodies as may be difcovered 
in future may receive names, in conformity with one 
uniform fyftem. 

The known falifiable bafes, or fubftances capable of 
being converted into neutral falts by union with acids, 
amount to 24 ; viz. 3 alkalies, 4 earths, and 1 7 metal- 
lic fubftances ; fo that, in the prefent ftate of chemical 
knowledge, the whole poffible number of neutral falts 
amounts to 1152!. This number is upon the fuppo- 
fition that the metallic acids are capable of diffblving 



* The lift might have been augmented by the probable acids from the new- 
ly-difcovered metals, mentioned in the additional feclion of the lormerch p- 
ter: It is not impoffible that the bafes of the Boracic and Fluoric acids may 
hereafter be difcovered among new metals. 

I have left thcpriginal numbers of the Author, though many additions have 
been fince made, for which fee next note. — T. 

f This number excludes all triple falts, or fuch as contain more than one fali- 
fiable bafe, all the falts whofe bafes are over or under faturated with acid, and 
thofe formed by tie nitro-muriatic acid. 

To thefe muft now be added four new earths, feven new metals, and three 
new acids, which will very largely increafe the poflible number of neutral 
falts.— T. 
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other metals, which is a new branch of chemiftry, not 
hitherto inveftigated, upon which depends all the me- 
tallic combinations named vitreous. There is rcafon 
to believe that many of thefe fuppofable faline combi- 
nations are not capable of being formed, which mull 
greatly reduce the real number of neutral falts produ- 
cible by nature and art. Even if we fuppofe the real 
number to amount only to five or fix hundred fpecies 
of poffible neutral falts, it is evident, that, were we to 
diflinguim them, after the manner of the older che- 
mifls, either by the names of their firft difcoverers, or 
by terms derived from the fubftances from which they 
are procured, we mould at lead have fuch a confufion 
of arbitrary defignations, as no memory could poffibly 
retain. This method might be tolerable in the early 
ages of chemiftry, or even till within thefe twenty 
years, when only about thirty fpecies of falts were 
known ; but in the prefent times, when the number is 
augmenting daily, when every new acid gives us 24 
or 48 new falts, according as it is capable of one or 
two degrees of oxygenation, a new method is certainly 
necefTary. The method here adopted, drawn from the 
nomenclature of the acids, is perfectly analogical, and, 
following Nature in the fimplicity of her operations, 
gives a natural and eafy nomenclature, applicable to 
every poffible neutral fait. 

In giving names to the different acids, we have ex- 
prefled the common property by the generical term 
acid, and have diftinguifhed each fpecies by the name 
of its peculiar acidifiable bafe. Hence the acids form- 
ed by the oxygenation of fulphur, phofphorus, carbon, 
&c. are called fulphuric acid, 'phofphoric acid, carbon: <: 

/ n j? 
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acid) &c. We thought it proper likcwife to indicate 
the different degrees of faturation with oxygen, by dif- 
ferent terminations of the fame fpecific names : Whcre- 
fore we diftinguifh between fulphurous and fulphu- 
ric, and between phofphorous and phofphoric acids, 
&c. 

By applying thefc principles to the nomenclature 
of neutral falts, we ufe a common term for all the neu- 
tral falts arifing from the combinations of one acid, 
and diftinguifh the fpecies by adding the name of the 
falifiable bafe. Thus, all the neutral falts having ful- 
phuric acid in their compofition are named fulphats ; 
thofe formed by the phofphoric acid, phofpbats, &c. 
The fpecies being diftinguifhed by the names of the 
falifiable bafes gives us fulphat of pot a fh, fulphat offoda, 
fulphat of ammoniac, fulphat of lime, fulphat of iron, &c. 
As we are acquainted with 24 falifiable bafes, alkaline, 
earthy and metallic, we have confequently 24 ful- 
phats, as many phofphats, and fo on through all the 
acids. 

Sulphur is, however, fufceptible of two degrees of 
oxygenation, the firfl of which produces fulphurous, 
and the fecond, fulphuric acid ; and, as the neutral 
falts produced by thefe two acids have different pro- 
perties, and are in fact different falts, it becomes necef- 
fary to diftinguifh thofe by peculiar terminations ; we 
have therefore diftinguifhed the neutral falts formed 
by the acids in the firft or leffer degree of oxygenation, 
by changing the termination at into ite, as fulphites, 
phofphites*, &c. Thus, oxygenated or acidified ful- 

• As all the fpecific names of ifte acids in the new nomenclature are adjec- 
tives, they would have applied feverally to the various iaIUS .sithouC 
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phur, in its two degrees of oxygenation, is capable of 
forming 48 neutral falts, 24 of which are fulphites, 
and as many fulphats : This is likewife the cafe with 
all the acids capable of two degrees of oxygenation*. 

It were both tirefome and unnecefiary to follow thefe 
denominations through all the varieties of their poffible 
applications ; it is enough to have given the method 
of naming the various falts, which, when' once well 
underftood, is eafily applicable to every poffible com- 
bination. The name of the combuftible and acidifia- 
ble body being once known, the names of the acid it 
is cn.pable of forming, and of all the neutral combina- 
tions the acid is fufceptible of entering into, are mod 
readily remembered. Such as require a more com- 
plete illuftration of the methods in which the new no- 
menclature is applied, will, in the Second Part of this 
book, find Tables which contain a full enumeration 



the invention of other terms, with p.'rfedr. diftinclnefs. Thus, fulphuroxm 
fotajb, and fulphuric pttajh, are equally dillindt as futphite of pfrfufi, an.! fulphat 
of potafb ; and have the advantage of being more eafily retained in the memory, 
becaufe more naturally ariling from the names of acids themfelves, than the ar- 
bitrary terminations adopted by Mr. Lavoifier. Thefe propofed terms arc 
lihewife very readily and dillindtly expreffible in Latin, thus, Potaffa, or rather, \ 
as I have formerly obferv-*d, Lixa Sulpburofa and Sulpbunca, and are equally 
diftincflive with, and more readily remembered than, the Latin terms of the 
new nomenclature, Sulphis and Sulphas Potijlc.—T. 

* There is yet a third degree of oxygenation of ftveral acids, as the oxygen- 
ated muriatic and oxygenated nitiic acids. Th - terms applicable to the neutral 
falts refulting from the union of thefe acids with fatifiable baOs is fupplied by 
the Author in the Second Part of this Work. Thefe are formed by ; refixing 
the word oxygenated to the name of the fait produced by the fecoinl degr 
oxygenation Thus, oxygenated muriat of potalh, oxygenated nitrat of fod.i, *<c. 
Or if the change I have propofed in a former note on the n >m nclattire of thefe 
two acids be adopted, we (hall have murioxicz.< d nitr',xic potafh or lixa, in Latin 
Lixa murioxic.i Tmna nitroxica, inltead of the much longer, and not more 
diftindtivc expreffions, Murias potajfe oxygn/iata, Kit/as foda oxygen.ittt—T. 
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of all the neutral falts, and, in general, of all the poffi- 
ble chemical combinations, fo far as is confiltent with 
the prefent (late of our knowledge. To thefc I fliall 
fubjoin fhort explanations, containing the bcfl and moft 
fimple means of procuring the different fpecies of acids, 
and fome account of the general properties of the neu- 
tral falts they produce. 

I fhall not deny, that, to render this work more com- 
plete, it would have been neceffary to add particular 
obfervations upon each fpecies of fait ; its folubility in 
r and alcohol ; the proportions of acid and of 
falifiable bafe in its compofition ; the quantity of its 
water of cryflallization ; the different degrees of fatu- 
ration it is fufceptible of; and finally, the degree of 
force or affinity with which the acids adheres to the 
bafe. This immenfe work has been already begun by 
Meffrs. Bergman, Morveau, Kirwan, and other cele- 
brated chemifts, but is hitherto only in a moderate ftate 
of advancement ; even the principles upon which it is 
founded are not perhaps fufficiently accurate. 

Thefe numerous details would have fwelled this 
elementary treatife to much too great a fize ; befides 
that, to have gathered the neceffary materials, and to 
have completed all the feries of experiments requifite, 
muft have retarded the publication of this book for 
many years. This is a vaft field for employing the 
zeal and abilities of young chemifts, whom I would 
advife to endeavour rather to do well than to do much, 
and to afcertain, in the firft place, the compofition of 
the acids, before entering upon that of the neutral falts. 
Every edifice which is intended to refift the ravages of 
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time mould be built upon a fure foundation ; and, in 
the prefent ftate of chemiftry, to attempt difcoveries 
by experiments, either not perfectly exact, or not fuf- 
ficiently rigorous, will ferve only to interrupt its pro- 
grefs, inftead of contributing to its advancement. 
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PART II. 

Of the Combination of Acids with Salifiable Bafes, 
and of the Formation of Neutral Salts. 



INTRODUCTION. 

IF I had ftriclly followed the plan at firft laid down 
For the conduct of this work, I would have confined 
myfelf, in the Tables and accompanying obfervations 
which compofe this fecond part, to fhort definitions of 
the feveral known acids, and abridged accounts of the 
proceffes by which they are obtainable, with a mere 
nomenclature or enumeration of the neutral falts which 
refult from the combination of thefe acids with the va- 
rious falifiable bafes. But I afterwards found, that the 
addition of fimilar Tables of all the fimple fubftances 
which enter into the compofition of the acids and 
oxyds, together with the various poffible combina- 
tions of thefe elements, would add greatly to the 
utility of this work, without being any great increafe 
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to its fize. Thefe additions, which are all contained 
in the twelve firft feftions of this Part, and the Tables 
annexed to thefe, form a kind of recapitulation of the 
firft fifteen Chapters of the Firft Part ; the reft of the 
Tables and Sections contain all the faline combinations. 
It muft be very apparent, that, in this part of the 
work, I have borrowed largely from what has been al- 
ready publifhed by Mr. de Morveau in the firft volume 
of the Encyclopedic par ordre des Matieres. I cculd 
hardly have difcovered a better fource of information, 
efpecially when the difficulty of confulting books in 
foreign languages is confidered. I make this general 
acknowledgement on purpofe to fave the trouble of re- 
ferences to Mr. de Morveau's work, in the courfe of 
the following part of mine. 

TABLE OF SIMPLE SUBSTANCES. 

SIMPLE SUBSTANCES BELONGING TO ALL THE KINGDOMS 0> 
NATURE, WHICH MAY BE CONSIDERED AS THE CHEMICAL 
ELEMENTS OF BODIES. 

New Names. Correspondent Old Nam 



Light Light. 

fHeat, 

r, , ■ n , • „ m J Principle or element of heat, 

Caloric Caloncum < . i „ . 

! ire, Igneous fluid, 

(.Matter of £& and of heat. 

fDephlogisticated air, 

_ „ J Empyreal tar, 

Oxygen Oxygenum < vk ^^ ,.,. 

i_Base of vital air. 

. . . S Phlosristicated air or y-as, 

Azot Azotum < iw«>«u:*;« •* 1 

I Mephitis, oi- its ! 

• . Tr , C Inflammable air or gas, or the 

Hydrogen Hydrogcnum J base of inflammable air. 
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OXYDABLE AND ACIDIFIABLE SIMPLE SUBSTANCES NOT 
METALLIC. 

New Names. 



Sulphur 
Phosphorus 

Carbon 



Sulphurum 
Phosphorum 

Carbonum 



Muriatic radical Murium 
Fluoric radical Fluorum 
Boracic radical Boracum 



} 



Corresfiondent Old Names. 

The same names. 

The simple element of char- 
coal. 

Still unknown. 



OXYDABLE AND ACIDIFIABLE SIMPLE METALLIC BODIES. 



Correspondent Old Names,. 

Antimony. 
Arsenic. 
Bismuth. 
Cobalt. 
Copper. 
Gold. 
Iron. 
Lead. 
y~~ <• Manganese. 
Mercury. 
Molybdena. 
Nickel. 
Platina. 
Silver. 
Tin. 

Tungstein. 
Zinc. 



New 


Names. 


Antimony 
Arsenic 


Antimonium 
Arsenicum 


Bismuth 


Bismuthum 


Cobalt 


Cobaltum 


Copper 
Gold 


Cuprum 
Aurum 


Iron 


Ferrum 


Lead 


Plumbum 


Manganese 
Mercury 
Molybdena 
Nickel 


Manganum 
Mercurium 
Molybdenum 
Nickolum 


Platina 


Platinum 


Silver 
Tin 


Argentum 
Stannum 


Tungstein 
Zinc 


Tungstenum 
Zincum 



SALIFIABLE SIMPLE EARTHY SUBSTANCES. 



New Names. 


Correspondent Old Names. 


Lime 


Calca 


C Chalk, calcareous earth, 
£ Quicklime. 






Magnesia 


Magnesia 


C Magnesia, base of Epsom salt 
\ Calcined or caustic magnesia. 


Barytes 


Baryta 


Barytes, or heavy earth. 


Argil 


Argilla 


Clay, earth or alum. 


Silex 


Silica 


Siliceous or vitrifiable earth. 


Strontites 


Strontyta 


Newly discovered. 
2 F 
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SECT. I. 

Obfervations upon the Table of Simple Sub/lances. 

The principal object of chemical experiments is to 
decompofe natural bodies, fo as feparately to examine 
the different fubftances which enter into their compofi- 
tion By confulting chemical fyftems, it will be found 
that this fclence of chemical analyfis has made rapid 
progrefs in our own times. Formerly oil and fait 
were confidered as elements of bodies, whereas Inter 
obfervation and experiment have fhewn, that all falts, 
inftead of being fimple, are compofed of an acid united 
to a bafe. The bounds of analyfis have been greatly 
enlarged by modern difcoveries* ; the acids are fhewn 
to be compofed of oxygen, as an acidifying principle 
common to all, united in each to a particular bafe. I 
have proved what Mr. Halfenfratz had before advanc- 
ed, that thefe radicals of the acids are not all fimple 
elements, many of them being, like the oily principle, 
compofed of hydrogen and carbon. Even the bafes of 
neutral falts have been proved by Mr. Berthollet to be 
compounds, as he has (hewn that ammoniac is compof- 
ed of azot and hydrogen. 

Thus, as chemiftry advances towards perfection, by 
dividing and fubdividing, it is impoflible to fay where 
it is to end ; and thefe things we at prefent fuppofe 
fimple may foon be found quite otherwife. All we 
dare venture to affirm of any fubftance is, that it mud 

* Sec Memoirs of the Academy for 1766, p. 671, and for 1778, p. 535.— A. 
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be confidered as fimple in the prefent flate of our 
knowledge, and fo far as chemical analyfis has hitherto 
been able to fhow. We may even prefume that the 
earths muft foon ceafe to be confidered as fimple bo- 
dies ; they are the only bodies of the falifiable clafs 
which have no tendency to unite with oxygen ; and I 
am much inclined to believe that this proceeds from 
their being already faturated with that element. If fo, 
they will fall to be confidered as compounds confifting 
of fimple fubftances, perhaps metallic, oxydated to a 
certain degree. This is only hazarded as a probable 
conjecture ; and I truft the reader will take care not 
to confound what I have related as truths, fixed on the 
firm bafis of obfervation and experiment, with mere 
hypothetical fpeculations. 

The fixed alkalies, potafh, and foda, are omitted in 
the foregoing Table, becaufe, they are evidently com- 
pound fubftances*, though we are ignorant as yet what 
are the elements they are compofed of. 



* For the fame reafon Calca, Magnefia, and Baryta, ought to have been 
omitted in this edition, as has been explained in p. i\i ; but, though the 
tranflator has taken the freedom to make feveral obfervations and fome addi- 
tions, he has not ventured to make zny alterations ; the latter is the exclulive 
province of the author. — T. 
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TABLE 



OF COMPOUND OXYDABLE AND ACIDIFIABLE BASES. 



Names of the Radicals. 
Oxvdable or acidifiable bases, fNitro muriatic radical*, or base 

r ., • ■ i • r .1 -J C 1.. 11„J 



from 
dom. 



the mineral king- 



Oxydable and acidifiable hy- 

di'o-carbonous or carbono-J Pyro-tartarous 
hydrous radicals, from the j Oxalic 
vegetable kingdom. Acetous 

Succinic 
Benzoic 
Camphoric 
_Gallic 
"Lactic 
Oxvdable or acidifiable radi- Saccholactic 
cals from the animal king- Formic 
dom, which mostly contains Bombic 
azot, and frequently phos- • Sebacic 
phorus. j Lithic 

l_Prussic 



of the acid formerly called 

aqua regis. 
Tartarous radical or base. 
Malic 
Citric 

Pyro-lignous 
Pyro-mucous 






Note — The radicals from the vegetable kingdom are converted by a firft de- 
gree of oxygenation into vegetable oxyds, fuch as fugar, ftarch, and gum or 
mucus : Thofe of the animal kingdom, by the fame means, form animal oxyds, 
as lymph, &c— A. 



• This, for the prefent, may be mimed Azo-muria, until the radical of mu- 
riatic acid be difcovered ; or, at leaft, till the difcovery of hydrogen being tba: 
radical be unqueftionably afcertained.— T. 
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SECT. II. 

Obfervations upon the Table of Compound Radicals 

The older chemifts being unacquainted with the 
compofitions of acids, and not fufpecling them to be 
formed by a peculiar radical or bafe for each, united 
to an acidifying principle or element common to all, 
could not confequently give any name to fubftances 
of which they had not the moft diftant idea. We had 
therefore to invent a new nomenclature for this fub- 
ject, though we were at the fame time fenfible that this 
nomenclature mud be fufceptible of great modification, 
when the nature of the compound radicals fhall become 
better underftood*. 

The compound oxydable and acidifiable radicals 
from the vegetable and animal kingdoms, enumerated 
in the foregoing table, are not hitherto reducible to 
fyftematic nomenclature, becaufe their exact, analyfis 
is as yet unknown. We only know in general, by 
fome experiments of my own, and fome made by Mr, 
Haflenfratz, that moft of the vegetable acids, fuch as 
the tartarous, oxalic, citric, malic, acetous, pyro-tartar- 
ous and pyro-mucous,have radicals compofed of hydro- 
gen and carbon, combined in fuch a way as to form 
fingle bafes, and that thefe acids only differ from each 
other by the proportions in which thefe two fubftances 
enter into the compofition of their bafes, and by the 

* Sec Part I, Chap. XI, upon this i'ubjedl.—A, 
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degrees of oxygenation which thcfe bafes have receiv- 
ed. We know farther, chiefly from the experiments 
of Mr. Bcrthollet, that the radicals from the animal 
kingdom, and even fome of thofe from vegetables, are 
of a more compound nature, and befides hydrogen and 
carbon, that they often contain azot, and fomctimcs 
phofphorus ; but we are not hitherto pofTefled of luffi- 
ciently accurate experiments for calculating the propor- 
tions of thefe feveral fubftances. We are therefore 
forced, in the manner of the older chemifts, Hill to 
name thefe acids after the fubftances from which they 
are procured. There can be little doubt, that thefe 
names will be laid afide when our knowledge of thcfe 
fubftances becomes more accurate and extenfive ; the 
terms, hydro-carbonous, hydro-carbonic, carbono-hydrous> 
and carbono-hydric* , will then become fubftituted for 
thofe we now employ, which will then only remain 
as teftimonies of the imperfect ftate in which this 
part of chemiftry was tranfmitted to us by our prede-. 
ceflbrs. 

It is evident, that the oils being compofed of hydro- 
gen and carbon combined, are true carbono-hydrous 
or hydro-carbonous radicals ; and, indeed, by adding 
oxygen, they are convertible into vegetable acids and 
oxyds, according to their degrees of oxygenation. We 
cannot, however, affirm, that oils enter in their entire 
ftate into the compofition of vegetable oxyds and acids ; 
it is poflible that they previoufly lofe a part either of 
their hydrogen and carbon, and that the remaining in- 

* See Part I, Chap. XI, upon the application of thcfe names according to the 
proportions of the two ingredients.— A. 
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gredients no longer exift in the proportions necefiary 
to conftitute oils. We ftill require farther experiments 
to elucidate thefe points. 

Properly fpeaking, we are only acquainted with one 
compound radical from the mineral kingdom, the nitro- 
muriatic, which is formed by the combination of azot 
with the muriatic radical. The other compound mi- 
neral acids have been much lefs attended to, from their 
producing lefs finking phenomena. 



SECT. III. 

Obfervations upon the Combination of Light and Caloric 
with different Sub/lances. 

I have not conftructed any table of the combinations 
of light and caloric with the various fimple and com- 
pound fubftances, becaufe our conceptions of the nature 
of thefe combinations are not hitherto fufficiently accu- 
rate. We know in general, that all bodies in nature 
are imbued, furrounded, and penetrated in every way 
with caloric, which fills up every interval left between 
their particles ; that, in certain cafes, caloric becomes 
fixed in bodies, fo as to conftitute a part even of their 
folid fubftance, though it more frequently acts upon 
them with a repulfive force, from which, or from its 
accumulation in bodies to a greater or leffer degree, 
the transformation of folids into fluids, and of fluids 
to aeriform elaflicity, is entirely owing. We have em- 
ployed the generic name gas to indicate this aeriform 
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(late of bodies produced by a fufflcient accumulation 
of caloric j fo that, when we wifh to exprefs the aeri- 
form ftate of muriatic acid, carbonic acid, hydrogen, 
water, alkohol, &c. we do it by adding the word gas 
to their names ; thus muriatic acid gas, carbonic acid 
gas, hydrogen gas, aqueous gas, alcoholic gas, &c. 

The combinations of light, and its mode of acting 
upon different bodies, are (till lefs known than thofe 
of caloric. By the experiments of Mr. Berthollet, it 
appears to have great affinity with oxygen, is fufcepti- 
ble of combining with it, and contributes along with 
caloric to change it into the flate of gas. Experiments 
upon vegetation give reafon to believe that light com- 
bines with certain parts of vegetables, and that the 
green of their leaves, and the various colours of their 
flowers, are chiefly owing to this combination. This 
much is certain, that plants which grow in darknefs 
are perfectly white, languid and unhealthy, and that 
to make them recover vigour, and to acquire their na- 
tural colours, the direct influence of light is abfolutely 
neceflary. Somewhat fimilar takes place even upon 
animals : Mankind degenerate to a certain degree 
when employed in fedentary manufactures, or from 
living in crowded houfes, or in the narrow lanes of 
large cities ; whereas they improve in their nature and 
conftitution in molt of the country labours which are 
carried on in the open air. 

Organization, fenfation, fpontaneous motion, and all 
the operations of life, only exift at the furface of the 
earth, and in places expofed to the influence of light. 
Without it nature itfelf would be lifelefs and inanimate. 
By means of light, the benevolence of the Deity hath 



INamesofthe 
Simple Sub- 
I stances. 



TABLE OF THE BFNARY COMBI NATIONS OF OXYGEN WITH SIMPLE SUBSTANCES. 



First degree of oxygenation. 



Second i ,'gree of oxygenation. 



Third degree of oxygenation. 



New Names. 



Old Names. 



Fourth degre of oxygenation. 



i* Caloric 
Hydrogen 
Azot 

■ Carbon 



Oxygen gas 

Water* 



Combina- 
tions of oxy- 
gen with the 
simple me- 
tallic sub- 
stances!. 



sse of 



Combin; 

tions of ox- j c , , 

... J Sulphur 
ygen with 1 r 

simple non- j Phosphorus 

metallic I », ... 
. . Muriatic ra- 

substances, I ... 
j dical 

I Fluoric radi- 

| cal 

1 Boracic ra-" 

| dical 

f Antimony 



I Silver 
I Arsenic 
I Bismuth 
Cobalt 

I Copper 

I Tin 
i 

i 

j Iron 

Manganese 
Mercury 
Molybdena 
Nickel 

j Gold 

j Platina 

| Lead 



Nitrous Oxyd 
nitrous gas 

Oxyd of carbon, dr car- 
bonic oxyd 

Oxyd of sulphur 

Oxyd of phosphoru 



Tungstein 
Zinc 



Muriatic oxyd 
Fluoric oxyd 
Boracic oxyd 

Grey oxyd of antirrnny 

Oxyd of silver 
Grey oxyd of arsenic 
Grey oxyd of bismuth 
Grey oxyd of cobalt 

Brown oxyd of copper 

Grey oxyd of tin 

Black oxyd of iron 
Black oxyd of manganese 

Black oxyd of m< 

Ox) d ofmolybdena 
Oxyd of nickel 
Yellow oxyd of fold 
Yellow oxyd of platina 
Grey oxyd of lead 

Oxyd of tungstein 
Grey oxyd of zinc 



i Vital or dephlogisticated 
' air 
I 
f Nitrous gas or air 

> Unknown 

| Soft sulphur 

C Residuum from the eom- 

£ bustion of phosphorus 

Unknown 



Unknown 

Unknown 

Grey calx cf antimony- 
Calx of silver 
Grey calx of arsenic 
Grey calx of bismuth 
Grey calx of cobalt 

Brown calx of copper 
Grey calx of tin 
Martial ethiops 
Black calx of manganese 
El/iiofis Mineral^ 

Calx ofmolybdena 
Calx of nickel 
Yellow calx of gold 
Yellow calx of platina 
Grey calx of lead 

Calx of tungstein 
Grey calx of zinc 



Nitrous acid 

Carbonous acid 
Sulphurous acid 
Phosphorous acid 

Muriatous acid 

Fluorous acid 

Boracous acid 

White oxyd of antimony 

While oxyd of arsenic 
White oxyd of bismuth 



5 Blue and green 
I copper 



Smoking nitrous acid 

Unknown 

Sulphureous acid. 
Volatile acid of phospho- 
rus 

Unknown 
Unknown 

Unknown 

, White cals of antimony, 
diaphoretic antimony, 

White calx of arsenic 
White c.Jx of bismuth 



Nitric acid 

Carbonic acid 
Sulphuric acid 
Phosphoric acid 

Muriatic acid 

Fluoric acid 

Boracic acid 

Antimonic acid 

Argentic acid 
Arseniac acid 
Bismuthic acid 
Cobaltic acid 

Cupric acid 



S 



yds of i Blue and green calces of 
$ copper 
| White oxyd of tin -|WM« calx of tin, or putty] 

and red oxyds ofl Q h and rustof iron 

. . 5 

I \. ' naanese ll White calx of manganese 

" Turbith mineral, red pre-' 
cipitate, calcined mer- 
cury, precipitate per se 

Molybdic acid 

Nickolic acid 
Red calx of gold, purple ? Aurfc acid 
precipitate of Cassius y 

Platinic acid 



r Yellow 

i mercury 



Red oxd of gold 



Ferric acid 
Manganic acid 

Mercuric acid 



C Yellow and red oxvds of 
I lead 



precipita 

r .... 

Massicot and minium 



White oxyd of zinc 



White calx of zinc, pom- , 
pholix - - ! 



Tungstic acid 
Zincic acid 



Old Nai 



Pale, or not smeking) ^ . . .. • ■ , 

niH™„ »rJH b C Oxygenated nitric acid 



nitrous acid 
Fixed air 
Vitriolic acid 
Phosph.oric acid 

Marine acid 

Unknown till lately 

C Homberg's sedative 
salt 



Acid of Molybdena 



Acid of tungstein 



Oxygenated carbonic acid 
Oxygenated sulphuric acid 
Oxygenated phosphoric acid 

Oxygenated muriatic acid 



Oxygenated arseniac acid 



Oxygenated molybdic acid 



Oxygenated tungstic acid 



imMguity of expref&on. — T. 

fCury.-T. 



*rms, it wouM'bt v 
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filled the furface of the earth with organization, fen- 
fation, and intelligence. The fable of Promotheus 
might perhaps be confidered as giving a hint of this 
philofophical truth, which had even prefented itfelf to 
the knowledge of the ancients. 

I have intentionally avoided any difquifitions rela- 
tive to organized bodies in this work, for which reafon 
the phenomena of refpiration, fanguification, and ani- 
mal heat, are not confidered ; but I hope, at fome 
future time, to be able to elucidate thefe curious fub- 
jects. 



SECT. IV. 

Observations upon the Combinations of Oxygen with the 
funplc Subftanccs. 

Oxygen forms almoft a third part of the mafs of our 
atmofphere, and is confequently one of the moft plen- 
tiful fubftances in nature. All animals and vegetables 
live and grow in this immenfe magazine of oxygen 
gas, and from it we procure the greateft part of what 
we employ in experiments. So great is the reciprocal 
affinity between this element and other fubftances, that 
we cannot procure it entirely difengaged from combi- 
nation. In the atmofphere it is united with caloric, in 
the ftate of oxygen gas, and this again is mixed with 
about twice its weight of azotic gas. 

Several conditions are requifite to enable a body to 
become oxygenated, or to permit oxygen to enter into 
combination with it. In the firft place, it is neceflary 
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that the particles of the body to be oxygenated fhall 
have lefs reciprocal attraction with each other than 
they have for the oxygen, which otherwifc cannot pof- 
fibly combine with them. Nature, in this cafe, may 
be aflifled by art, as we have it in our power to diminifh 
the attraction of the particles of bodies, almofh at will, 
by heating them, or, in other words, by introducing 
caloric into the interfaces between their particles ; and, 
as the attraction of thefe particles for each other is 
diminifhed in the inverfe ratio of their diftance, it is 
evident that there mufl be a certain point of diftance 
of particles when the affinity they poffefs with each 
other becomes lefs than that they have for oxygen, and 
at which oxygenation mufl necelfarily take place if 
oxygen be prefent. 

We can readily conceive, that the degree of heat 
at which this phenomenon begins mufl be different in 
different bodies. Hence, on purpofe to oxygenate 
mod bodies, efpecially the greater part of the fimple 
fubftances, it is only neceffary to expofe them to the 
influence of the air of the atmofphere, in a convenient 
degree of temperature. With refpecl to lead, mer- 
cury, and tin, this requires to be but a little higher 
than the medium temperature of the earth ; but it re- 
quires a more confiderable degree of heat to oxygenate 
iron, copper, &c. by the dry way, or when this opera- 
tion is not aflifled by moiflure. Sometimes oxygena- 
tion takes place with great rapidity, and is accompanied 
by great fenfible heat, light and flame ; fuch is the 
combuftion of phofphorus in atmofpheric air, and of 
iron in oxygen gas. That of fulphur is lefs rapid ; 
and the oxygenation of lead, tin, and moft of the 
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metals, takes place vaftly flower, and confequently the 
difengagement of caloric, and more efpecially of light, 
is hardly fenfible. 

Some fubftances have fo ftrong an affinity for oxy- 
gen, and combine with it in fuch low degrees of tem- 
perature, that we cannot procure them in their unoxy- 
genated ftate ; fuch is the muriatic acid, which has not 
hitherto been decompofed by art*, perhaps even not 
by nature, and which confequently has only been 
found in the ftate of acid. It is probable that many 
other fubftances of the mineral kingdom are neceffa- 
rily oxygenated in the common temperature of the 
atmofphere ; and that, being already faturated with 
oxygen, their farther action upon that element is there- 
by prevented. 

There are other means of oxygenating fimple fub- 
ftances, befides expofure to air in a certain degree of 
temperature ; fuch as by placing them in contadl with 
metals combined with oxygen, and which have little 
affinity with that element. The red oxyd of mercury 
is one of the beft fubftances for this purpofe, efpecially 
with bodies which do not combine with that metal. 
In this oxyd the oxygen is united with very little force 
to the metal, and can be driven out by a degree of heat 
only fufficient to make glafs red hot ; wherefore, fuch 
bodies as are capable of uniting with oxygen are rea- 
dily oxygenated, by means of being mixed with red 
oxyd of mercury, and then moderately heated. The 
fame effect may be, to a certain degree, produced by 
means of the black oxyd of manganefe, the red oxyd 

* The real or fuppofed difcovery of the bafe of this acid has been mentioned 
in fome farmer notes— T. 
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of lead, the oxyds of filver, and by mod of the metallic 
oxyds, if we only take care to choofe fuch as have lefs 
affinity with oxygen than the bodies they are meant to 
oxygenate. All the metallic reductions and revivifi- 
cations belong to this clafs of operations, being nothing 
more than oxygenations of carbon, by means of the 
feveral metallic oxyds. The carbon of the charcoal 
employed for this reduction, combines with the oxy- 
gen and with caloric, and efcapes in form of carbonic 
acid gas ; while the metal remains pure and revivi- 
fied, or deprived of the oxygen, which before combin- 
ed with it in the form of oxyd. 

All combuftible fubflances may likewife be oxyge- 
nated by means of mixing them with nitrat of potafh 
or foda, or with oxygenated muriat of potafh, and fub- 
jeeting the mixture to a certain degree of heat ; the 
oxygen, in this cafe, quits the nitrat or the muriat, 
and combines with the combuftible body. This fpe- 
cies of oxygenation requires to be performed with 
extreme caution, and only with very fmall quantities ; 
b caufe, as the oxygen enters into the compofition of 
nitrat, and more efpecially of oxygenated muriats, 
combined with almofl as much caloric as is neceffary 
for converting it into oxygen gas, this immenfe quan- 
tity of caloric becomes fuddenly free, the inftant of the 
combination of the oxygen with the combuftible body, 
and produces fuch violent explofions as are perfectly 
irrefiftible. 

By the humid way we can oxygenate moft combuf- 
tible bodies, and convert moft of the oxyds of the 
three kingdoms of nature into acids. For this purpofe 
we chiefly employ the nitric acid, which has a very 
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flight hold of oxygen, and quits it readily to a great 
number of bodies, by the affiftance of a gentle heat. 
The oxygenated muriatic acid may be ufed for feveral 
operations of this kind, but not in them all. 

I give the name of binary to the combinations of 
oxygen with the fimple fubftances, becaufe in thefe 
only two elements are combined. When three fub- 
ftances are united in one combination, I call it ternary ; 
and quaternary when the combination confifts of four 
fubftances united. 
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TABLE 



OF THE COMBINATIONS OF OXYGEN WITH THE COMPOUND 
RADICALS. 



Names of the Radicals. 



Mimes of the Resulting Jlcich. 



Nnw NOMnTicLArvRn. 



01 D NOMENCLATURE 



Nitro-muriatic radical Nitro-muriatic acid Aqua regia. 



Tartaric 


Tartarous acid 


Malic 


Malic acid 


Citric 


Citric acid 


Pyro-lignous 


Pyro-lignous acid 


Pyro-mucous 


Pyro-mucous acid 


Pyro-tartarous 


Pyro-tartarous acid 


Oxalic 


Oxalic acid 


Acetic 


J Acetous acid 




(^ Acetic acid 


Succinic 


Succinic acid 


Benzoic 


Benzoic acid 


Camphoric 


Camphoric acid 


Gallic 


Gallic acid 


Lactic 


Lactic acid 


Saccholactic 


Saccholactic acid 


Formic 


Formic acid 


Bombic 


Bombic acid 


Sebacic 


Sebacic acid 


Lithic 


Lithic acid 


Prussic 


Prussic acid 



Unknown till lately. 

Ditto. 

Acid of lemons. 
5 Empyreumatic acid 
{ of wood. 

Empyr. acid of sugar. 

Empyr. acid of tartar. 

Acid of sorrel. 
f Vine gar, or acid of vi- 
< negar 
(_ Radical vinegar. 

Volatile salt of amber. 

Flowers of benzoin. 

Unknown till lately 
C The astringent prin- 
l ciple of vegetables. 

Acid of sour whey. 

Unknown till lately. 

Acid of ants. 

Unknown till lately 

Ditto 

Urinary Calculus. 
5 Colouring matter of 
£ Prussian blue. 



* Thefe radicals by a firft degree of oxygenation form vegetable oxytls, as 
fugar, ftarch, mucus, &c.— A. 



** Thefe radicals by a firft degree of oxygenation form the animal oxyds, as 
lymph, and part of the blood, animal fecretions, &c— A. 
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SECT. V. 

Obfervations upon the Combinations of Oxygen with the 
Compound Radicals. 

I publifhed a new theory of the nature and forma- 
tion of acids in the Memoirs of the Academy for i Jj6 y 
p. 671, and 1788, p. 535, in which I concluded, that 
the number of acids mud be greatly larger than was 
till then fuppofed. Since that time, a new field of 
inquiry has been opened to chemifts ; and, inflead of 
five or fix acids, which were then known, near thirty 
new acids have been difcovered, by which means the 
number of known neutral falts have been increafed in 
the fame proportion. The nature of the acidifiable 
bafes, or radicals of the acids, and the degrees of oxy- 
genation they are fufceptible of, flill remain to be in- 
quired into. I have already fhown that almoft all the 
oxydable and acidifiable radicals from the mineral 
kingdom are fimple, and that, on the contrary, there 
hardly exifts any radical in the vegetable, and more 
efpecially in the animal kingdom, but is compofed of 
at leafl two fubftances, hydrogen and carbon, and that 
azot and phofphorus are frequently united to thefe, by 
which we have compound radicals of two, three, and 
four bafes or fimple elements united. 

From thefe obfervations, it appears, that the vegeta- 
ble and animal oxyds and acids may differ from each 
other in three feveral ways ; according to the number 
of fimple acidifiable elements of which their radicals 
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are compofed ; according to the proportions in which 
thefe are combined together ; and according to their 
different degrees of oxygenation : Thefe circumflances 
are more than fufficient to explain the great variety 
which nature produces in thefe fubftances. It is not 
at all furprifing, after this, that moft of the vegetable 
acids are convertible into each other j nothing more 
being requifite for this purpofe, than to change the 
proportions of the hydrogen and carbon in their com- 
pofition, and to oxygenate them in a greater or leffer 
degree. This has been done by Mr. Crell in fome very 
ingenious experiments, which have been verified and 
extended by Mr. Haifenfratz. From thefe it appears, 
that carbon and hydrogen, by a firft oxygenation, 
produce tartarous acid^ oxalic acid by a fecond degree, 
and acetous or acetic acid by a third, or higher oxy- 
genation ; only, that carbon feems to exift in a rather 
fmaller proportion in the acetous and acetic acids. 
The citric and malic acids differ little from the preced- 
ing acids. 

Ought we then to conclude, that the oils are the 
radicals of the vegetable and animal acids ? I have al- 
ready expreffed my doubts upon this fubjecl: : For, al- 
though the oils appear to be formed of nothing but 
hydrogen and carbon, we do not know if thefe are in 
the precife proportion neceffary for conftituting the ra- 
dicals of the acids ; and, fince oxygen enters into the 
compofition of thefe acids equally with hydrogen and 
carbon, there is no more reafon for fuppofing them to 
be compofed of oil rather than of water or of carbonic 
acid. It is true that they contain the materials necef- 
fary for all thefe combinations, but then thefe do not 
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take place in the common temperature of the atmof- 
phere ; all the three elements remain combined in a 
ftate of equilibrium, which is readily deftroyed by a 
temperature only a little above that of boiling water*. 

" See Part I, Chap XII, upon tbis fubje&.— A. 
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'-. PIS) BINARY COMBINATION'S OF AZOT WITH 'I III'. $] 
SUBSTANCES. 



Simple Substa?iccs. 



Results of the Combinations , 



NEW NOMENCLATURB. 



Of.D NOMIiXCLATURK. 



Caloric 
Hydrogen 

Oxygen 



Carbon 

Phosphorus 
Sulphur 



Compound ra 
dicals 

Metallic sub- 
stances. 

Lime 

Magnesia 

Barytes 

Argil 

Potash 

*foda 



C Phlogisticatcd air, or 
I Mephitis. 

Volatile alkali. 

Base of nitrous gas. 

Smoking nitrous acid. 

Pale nitrous acid. 



Azotic gas, or Azogas 

Ammoniac, Ammona 
f Nitrous oxyd 
J Nitrous acid 
l Nitric acid 
^Oxygenated nitric acid. Unknown. 
' This combination is hitherto unknown : should 
it ever be discovered, it will be called, accord- 
ing to the principles of our nomenclature, Azu- 
rct of Carbon. Carbon dissolves in azotic gas, 
and forms carbonated azotic gas. 
Azuret of phosphorus Still unknown. 

{Azuret of Sulphur. Still unknown. We know 
that sulphur dissolves in azotic gas, forming 
sulphurated azotic gas. 
Azot combines with carbon and hydrogen, and 
sometimes with phosphorus, in the compound 
oxydable and acidifiable bases, and is generally 
contained in the radicals of the animal acids. 
f Such combinations are hitherto unknown : if 
< ever discovered, they will form metallic azu- 
(^ rets, as azurets of gold, of silver, &c. 



Entirely unknown. If ever discovered, they will 
form azuret of lime, azuret of magnesia, Sec. 



Note. The Latin term, In tlie new nomenclatures, here tranflated Azuret, is 

S-.'irctum, the French of Mr. Lavoifier Is Azure; I preferred taking the Er,- 
glifli from the Latin, becaufe it is thus more diltincT: from oth-r terms, : the 
French terms Azure, Sulphure, Phofphurc, are not lufficiently diftinguifliable in 
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SECT. VI. 

Obfervations upon the Combinations of Azot with the 
Simple Subjlances. 

Azot is one of the mod abundant elements ; com- 
bined with caloric it forms azotic gas, or mephitis, 
which compofes nearly two thirds of the atmofphere. 
This element is always in the ftate of gas in the ordi- 
nary prefiure and temperature, and no degree of com- 
prefiion or of cold has been hitherto capable of reduc- 
ing it either to a folid or liquid form. This is like wife 
one of the effential conftituent elements of animal 
bodies in which it is combined with carbon and hydro- 
gen, and fometimes with phofphorus ; thefe are united 
together along with a certain portion of oxygen, by 
which they are formed into oxyds or acids, according 
to the degree of oxygenation. Hence the animal fub- 
llances may be varied, in the fame way with vegetables, 
in three different manners ; according to the number 
of elements which enter into the compofition of the 
bafe or radical ; according to the proportion of thefe 
elements ; and, according to the degrees of oxygena- 
tion. . 

When combined with oxygen, azot forms the ni- 
trous and nitric oxyds and acids ; when with hydrogen, 

Englifli, from Azure, a colour, Sulphur, and Phofphor, which is fom: times 
ufed for Phofphorus ; but Azurct, Sulphuret, Carburet, and Phofphurct, which 
are tranflated from Azuretum, Suiphurctum, Carboretum, and Phofphorctum, 
both anfwer the purpofe of the new oomendatare completely, and run no ha- 
zard of occafioning any miftake.— T. 



1$6 ELEMENTS OF CHEMISTRY. 

ammoniac is produced. Its combinations with the 
other fimple elements are very little known ; to thefe 
we give the name of Azurets, preferving the termi- 
nation in uret for all unoxygenated compounds. It 
is extremely probable that all the alkaline fubftances 
may hereafter be found to belong to this genus of azu- 
rets. 

The azotic gas may be procured from atmofpheric 
air, by abforbing the oxygen gas which is mixed with 
it by means of a folution of fulphuret of potafh, or 
fulphuret of lime. It requires twelve or fifteen days 
to complete this procefs, during which time the furface 
in contact mud be frequently renewed by agitation, 
and by breaking the pellicle which forms on the top of 
the folution. It may likewife be procured by difTolv- 
Ing animal fubftances in dilute nitric acid very little 
heated. In this operation, the azot is difengaged in 
form of gas, which muff be received under bell-glaiTes 
filled with water, in the pneumato-chemical apparatus. 
We may procure this gas, by deflagrating nitre with 
charcoal, or any other combuftible fubftance ; when 
with charcoal, the azotic gas is mixed with carbonic 
acid gas, which may be abforbed by a folution of cauf- 
tic alkali, or by lime-water, after which the azotic gas 
remains pure. We can procure it in a fourth manner 
from combinations of ammoniac with metallic oxyds, 
as pointed out by Mr. de Fourcroy : The hydrogen of 
the ammoniac combines with the oxygen of the oxyd, 
and forms water, while the azot being left free efcapes 
in form of gas. 

The combinations of azot, were but lately difcover- 
ed : Mr* Cavendifh firfl obferved it in nitrous gas and 
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acid, and Mr. Berthollet in ammoniac and the pruffic 
acid. As no evidence of its decompofition has hitherto 
appeared, we are fully entitled to confider azot as a fim- 
ple elementary fubftance. 



TABLE 



OF THE BlKTART COMBINATIONS OF HYDROGEN WITH SIMPLE 
SUBSTANCES. 



Simjile Substances. 



Resulting Compounds. 



Caloric 

Azot 

Oxygen 

Sulphur 
Phosphorus 

Carbon 

Metallic sub- 
stances, as 
iron, 



MM NOMENCLATURE. 



Hydrogen gas 
Ammoniac 
Water 
5 Hydruret of sulphur 



Inflammable air. 
Volatile alkali. 
Water. 



...-, or"| 
^ sulphur of hydrogen j 
Hydruret of phosphorus, >Hitherto unknown*, 
or phosphuret of hy- j 
drogen J 

C Hydro-carbonous, or car- > XT , , •„ , , 

} bono-hydrous radicals! $ Not known Ul1 Iatel y • 

I Metallic hydruretsi, as / iri , 
j hydruret of iron, Sec. j Hitherto unknown. 



{ 



* Thefe combinations take place in the ftate of gas, and form, refpeclively, 
fulphurated and phofphorated hydrogen gas. — A. 

•j- This combination of hydrogen with carbon includes the fixed and volatile 
oils, and forms the radicals of a confiderable part of (he vegetable and animal 
oxvds and acids. When it takes place in the ftate of gas, it forms carbonated 
hydrogen gas. — A. 



f None of thefe combinations are known, and it is probable that they cannot 
cxift,at lesft in the ufual temperature of the atmofphcre, owing to the great 
affinity of hydrogen for caloric— A. 
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SECT. VII. 

Obfervations upon Hydrogen, and its Combinations with 
Simple Subjiances. 

Hydrogen, as it name exprefles, is one of the confti- 
tuent elements of water, of which it forms fifteen hun- 
dreth parts by weight, combined with eighty-live hun- 
dreth parts of oxygen. This fubftance, the properties 
and even exiftence of which was unknown till lately, 
is very plentifully diftributed in nature, and acts a very 
considerable part in the proceffes of the animal and 
vegetable kingdoms. As it poflefles fo great affinity 
with caloric as only to exift in the ftate of gas, it is 
confequently impoffible to procure it in the concrete or 
liquid ftate, independent of combination. 

To procure hydrogen or rather hydrogen gas, we 
have only to fubject. water to the action of a fubftance 
which with oxygen has a greater affinity than it has to 
hydrogen : by this means the hydrogen is fet free, 
and, by uniting with caloric, afTumes the form of hy- 
drogen gas. Red hot iron is ufually employed for 
this purpofe : The iron, during the procefs, becomes 
oxydated, and is changed into a fubftance refembling 
the iron ore from the ifland of Elba. In this ftate of 
oxvd it is much lefs attractible by the magnet, and dif- 
folves in acids without effervefcence. 

Charcoal, in a red heat, has the fame power of de- 
compofmg water, by attracting the oxygen from its 
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combination with hydrogen. In this procefs, carbonic 
acid gas is formed, and mixes with the hydrogen gas, 
but is eafily feparated by means of water or alkalies, 
which abforb the carbonic acid, and leave the hydrogen 
gas pure. We may likewife obtain hydrogen gas bf 
diffblving iron or zinc in dilute fulphuric acid. The 
two metals decompofe water very flowly, and with 
great difficulty, when alone, but do it with great eafe 
and rapidity when affifted by fulphuric acid ; the hy- 
drogen unites with caloric during the procefs, and is 
difengaged in form of hydrogen gas, while the oxygen 
of the water unites with the metal in the form of oxyd, 
which is immediately diffolved in the acid, forming a 
fulphat of iron or of zinc. 

Some very diftinguifhed chemifts confider hydrogen 
as the phlogijlon of Stahl ; and as that celebrated che- 
mift admitted the exigence of phlogifton in fulphur, 
charcoal, metals, &c. they are of courfe obliged to 
fuppofe that hydrogen exifls in all thefe fubftances, 
though they cannot prove their fuppofition ; even if 
they could, it would not avail much, fmce this difen- 
gagement of hydrogen is quite infufficient to explain 
the phenomena of calcination and combuflion. We 
muft always recur to the examination of this queftion, 
" Are the heat and light, which are difengaged during 
the different fpecies of combuflion, furnifhed bv the 
burning body, or by the oxygen which combines in 
all thefe operations ?" And certainly the fuppofition of 
hydrogen being difengaged, throws no light whatever 
upon this queftion. Befides, it belongs to thofe who 
make fuppofitions to prove them ; and, doubtlefs, a 
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dottrine which without any fuppofition explains the 
phenomena as well, and as naturally, as theirs does 
by fuppofition, has at lead the advantage of greater 
fimplicity*. » 



* Thofe who with to fee what has been did upon this great chemical quef- 
tion by Meffrs. da Morveau.BertholIet, De Fourcroy, and myfelf, may confult 
our tranflation of Mr. Kirwan's Effay on Phlogifton.— A. 
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TABLE 

OF THE BINARY COMBINATIONS OF SULPHUR WITH SIMPLi 
SUBSTANCES. 



Simple Substanc 


es. 


Resulting Compounds. 




NEW NOMENCLATURE. 


OLD NOMENCLATURE, 


Caloric 


Sulphuric 


gas 




| 


rOxyd of s 


iUlphur 


Soft sulphur. 


Oxygen < 


Sulphurous acid 


Sulphureous acid. 


i 


Sulphuric 


acid 


Vitriolic acid. 


Hydrogen 


Sulphuret of hydrogen 


r 


Azot 




azot 


J Unknown Combin- 


Phosphorus 




phosphorus 


5 ations. 


Carbon 




carbon 


L 


Antimony 




antimony 


Crude antimony. 


Silver 




silver 




Arsenic 




arsenic 


Orpiment, realgar 


Bismuth 




bismuth 




Cobalt 




cobalt 




Copper 




copper 


Copper pyrites. 


Tin 




tin 




Iron 




iron 


Iron pyrites. 


Manganese 




manganese 




Mercury 




mercury 


5 Etbiops mineral, 
I cinnabar. 


Molybdena 




molybdena 




Nickel 




nickel 




Gold 




gold 




Platina 




platina 




Lead 




lead 


Galena 


Tungstein 




tungstein 




Zinc 




zinc 


Blende. 



Potash 
Soda 

Ammoniac 

Lime 

Magnesia 

Barytes 
Argil 



potash 
soda 

ammoniac 

lime 

magnesia 

barytes 
argil 
2 I 



{Alkaline liver of 
sulphur with fixed 
vegetable alkali. 
f Alkaline liver of 
< sulphur with fixed 
[_ mineral alkali. 

{Volatile liver of sul- 
phur, smoking li- 
quor of Boyle. 
5 Calcareous liver of 
C sulphur. 
C Magnesian liver of 
£ sulphur. 
Baryticliv. ofsulph. 
Yet unknown. 



262- ELEMENTS OF CHEMISTRY., 

SECT. VIII. 

Obfervations on. Sulphur and its Combinations. 

Sulphur is a combuftible fub fiance, having a very- 
great tendency to combination ; it is naturally in a fo- 
lid ftate in the ordinary temperature, and requires a 
heat fomewhat higher than that of boiling water to 
make it liquify. Sulphur is formed by ^nature in a 
confiderable degree of purity in the neighbourhood of 
volcanoes ; we find it likewife, chiefly in the ftate of 
fulphuric acid, combined with argil in aluminous fchif- 
tus, with lime in gypfum, &c. From thefe combina- 
tions it may be procured in the ftate of fulphur, by 
carrying off its oxygen by means of charcoal in a red 
heat ; carbonic acid is formed, and efcapes in the ftate 
of gas ; the fulphur remains combined with the clay, 
lime, &c. in the ftate of fulphuret, which is decompofed 
by acids ; the acid unites with the earth into a neutral 
fait, and the fulphur is precipitated. 
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TABLE 



»F THE BINARY COMBINATIONS OF PHOSPHORUS WITH THE 
SIMPLE SUBSTANCES. 



Simple Substances. 

Caloric 

Oxygen 

Hydrogen 

Azot 

Sulphur 

Carbon 

Metallic Subflances 

Potato 

Soda 

Ammoniac 

Lime 

Barytes 

Magnefia 

Argil 



Resulting Compounds. 

Phofphoric gas. 
' Oxyd of phofphorus. 
I Phofphorous acid. 
_ Phofphoric acid. 

Phofphuret of Jrydrogen. 

Phofphuret of azot. 

Phofphuret of Sulphur. 

Phofphuret of carbon. 

Phofphurets of metals*. 



Phofphuret of Potato, 
Soda, &c.f 



* Of all thefe combinations of phorphoruswith metals, that with iron only is 
hitherto known, forming the fubftance formerly called Siderite ; nethtr is it 
yet afcertained whether, in this combination, the phofphorus be oxygenated or 
not. — A. 



f Thefe combinations of phofphorus with the alkalies and earths are not 
yet known ; and, from the experiments ef Mr. Gengemb*re, they appear to be 
impoffible. — A. 
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SECT. IX. 

Obfcrvations on Pbofphorus a?id its Combinations. 

Phofphorus is a fimple combuftible fubftance, which 
was unknown to chemifls till 1667, when it was difcov- 
by Mr. Brandt, who kept the procefs fecret ; foon 
after Kunkel found out Brandt's method of preparation, 
and made it public. It has been ever fmce known by 
the name of Kunkel's phofphorus. It was for a long 
time procured only from urine ; and, though Homberg 
gave an account of the procefs in the Memoirs of the 
Academy for 1692, all the philofophers of Europe 
were fupplied with it from England, It was firft made 
in France in 1737, before a committee of the Acade- 
my at the Royal Garden. At prefent it is procured in 
a more commodious and more economical manner 
from animal bones, which are real calcareous phofphats, 
according to the proceffes of Meffrs. Gahn, Scheele, 
Rout'lle, &c. The bones of adult animals, being cal- 
cined to whitenefs, are pounded, and paffed through a 
fine filk fieve ; upon the fine powder a quantity of 
dilute fulphuric acid is poured, lefs than is fufHcient 
for diffolving the whole. This acid unites with the 
calcareous earth of the bones into a fulphat of lime, 
and the phofphoric acid remains free in the liquor. 
The liquid is decanted off, and the refiduum warned 
with boiling water ; this water which has been ufed to 
wafh out the adhering acid, is joined with what was 
before decanted off, and the whole is gradually evapo- 
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rated ; the diffolved fulphat of lime cryftallizes in form 
of filky threads, which are removed ; and, by conti- 
nuing the evaporation, we procure the phofphoric acid, 
under the appearance of a white pellucid glafs. When 
this is powdered, and mixed with one third its weight 
of charcoal, we procure very pure phofphorus, by fub- 
limation*. The phofphoric acid, as procured by the 
above procefs, is never fo pure as that obtained by 
oxygenating pure phofphorus, either by combuftion or 
by means of nitric acid ; wherefore this latter mould 
always be employed in experiments of refearch. 

Phofphorus is found in almoft all animal fubflances, 
and in fome plants which give a kind of animal analy- 
fis. In all thefe it is ufually combined with carbon, 
hydrogen, and azot, forming very compound radicals, 
which are, for the moft part, in the ftate of oxyds, by 
a firft degree of union with oxygen. The difcovery of 
Mr. Haflenfratz, of phofphorus being contained in 
charcoal, gives reafon to fufpecl that it is more com- 
mon in the vegetable kingdom than has been generally 
fuppofed : It is certain, that by proper procefTes, it may- 
be procured from every individual of fome of the fa- 
milies of plants. As no experiment has hitherto given 
reafon to fufpecl: that phofphorus is a compound body, 



* A very convenient method of procuring phofphorus from urine has lately 
been difcovered. The phofphoric acid is precipitated by a folution of acetite 
of lead, by means of a double decompofnion ; the lead uniting with the phol- 
phoric acid into an infoluble fait which precipitates, while the acetous acid 
unites with the alkaline fubftances of the urine and remains diflblvcd. The 
phofphat of lead is then repeatedly wafhed,and isdecompofed by means of mu- 
riatic acid ; a muriat of lead is formed, which is infoluble, and the phofphoric 
acid is found in a liquid ftate : this is evaporated to drynefs, and,b.ingdifoxy- 
geuated by charcoal, in the ufual manner, a very pure phofphorus fublimes.— T. 
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I have arranged it with the fimple or elementary fub- 
fiances. It takes fire at the temperature of 104 of 
the thermometer. 

TABLE 

OF THE BINARY COMBINATIONS OF CARBON. 

Simple Substances. Resulting Comfiounds. 

Vnw NOMKNCLATURB. OLD NAMES. 

C Oxyd of carbon Unknown*. 

Oxygen ^ Carbonic acid Fixed air, chalky acid. 

Sulphur Carburet of sulphur "1 

Phosphorus Carburet of phosphorus V Unknown. 

Azot Carburet of azot J 

__. , C Carbono-hydrous radicals 

Hydrogen ^ Hxed and voktile oiJs 

f Of these only the car- 

Metallic Sub-> Carburets of the several) burets °, f iron ™ d A 

stances i metals 1 zinc are known, and 

stances. i metals j were formerIy caU . 

l_ ed Plumbago. 
A Earths Jmd \ Ca ' JU1 ' et ° f P° tash ' &c " Unknown - 



* From late experiments, it appears that charcoal is an oxyd of carbon,— T. 
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SECT. X. 

Obfervations upon Carbon and its Combinations with 
Simple Subjiances. 

As carbon has not been hitherto decompofed, it 
muft, in the prefent (fate of our knowledge, be confid- 
ered as a fimple fubftance. By modern experiments, 
it appears to exift ready formed in vegetables ; and I 
have already remarked, that, in thefe, it is combined 
with hydrogen, fometimes with azot and phofphorus, 
forming compound radicals, which may be changed 
into oxyds or acids, according to their degrees of oxy- 
genation. 

To obtain the carbon # contained in vegetable or 
animal fubftances, wefubjecl them to the action of fire, 
at firft moderate, and afterwards very ftrosg, on pur- 
pofe to drive off the laft portions of water, which adhere 
very obftinately. For chemical purpofes, this is ufu- 
ally done in retorts of ftone-ware or porcelain, into 
which the wood, or other matter, is introduced, and 
then placed in a reverberatory furnace, raifed gradually 
to its greateft heat : The heat volatilizes,or changes into 
gas, all the Lr.rts of the body fufceptible of combining 
with caloric into that form ; and the carbon, being 
more fixed in its nature, remains in the retort, combin- 



* It is neceffary to repeat, that carbon is ufed to denote the pure fimple ele- 
mentary fubftance, while charcoal fignifies that fubftance, united wirh fome 
fmall portions of earths andfalts, as procured from vegetable and animal bodies 
by burning, or by distillation in a red heat.— T. 
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ed with a little earth and fome fixed falts, in the form 
generally known by the name of charcoal. 

In the bufmefs of charring wood, this is done by a 
lefs expenfive procefs. The wood is difpofed in heaps 
regularly arranged, and covered with earth, fo as to 
prevent the accefs of any more air than is abfolutely 
necefiary for fupporting the fire, which is kept up till 
all the water and oil is driven off, after which the fire 
is extinguifhed by (hutting up all the air holes. 

We may analyze charcoal either by combuftion in 
air, or rather in oxygen gas, or by means of nitric 
acid : In either cafe we convert its pure carbon into 
carbonic acid ; and fometimes a little potalh and fome 
neutral falts remain. This analyfis has been hitherto 
but little attended to by chemifts ; and we are not 
even certain if potafh exifts in charcoal before com- 
buftion, or whether it be formed by means of fome un- 
known combination during that procefs. 

" Charcoal*, purified as above directed, was fup- 
pofed to confift almoft entirely of carbon, in a perfectly 
pure and uncombined ftate, 28 parts of which, com- 
bined with 72 parts of oxygen, formed 100 parts of 
carbonic acid. Later experiments, however, have 
fhewn, that the purefl charcoal confifts of carbon in a 
if ate of oxydation, and that diamond is carbon in a 
perfect ftate of purity. By thefe experiments it appears 
that 17.8 parts of diamond and 82-1 of oxygen form 
100 parts of carbonic acid. Hence the 28 parts of car- 
bon, formerly fuppofed to conftitute the bafis of car- 

* Thefe obfervations on charcoal, diamond, &c. are added in this edition 
by the Tranflator.— T. 
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bonic acid, contain only 17.9 parts of pure carbon, and 
1 0.1 of oxygen in 28 parts : or 100 parts of the moft 
perfectly purified charcoal confift of 64.3 of carbon, 
united or oxydated by 35.7 parts of oxygen. 

" Plumbago, or graphite, ufually called black lead, 
is carbon lefs oxydated than in the Mate of charcoal, 
and containing a fmall portion of oxyd of iron. What 
is called incombuftible coal, the charry refiduum from 
animal fubftances, and the coak or charcoal produced 
from mineral coal, are likewife compofed of carbon lefs 
oxydated than the charcoal of wood." 



SECT. XL 

Obfervations upon the Muriatic, Fluoric, and Boracic 
Radicals, and their Combinations. 

As the combinations of thefe fubftances, either with 
each other, or with the other combuftible bodies, are 
hitherto entirely unknown, we have not attempted to 
form any table for their nomenclature. We only know 
that thefe radicals are fufceptible of oxygenation, and 
of forming the muriatic, fluoric, and boracic acids : 
and that, in the acid (late, they enter into a number of 
combinations, to be afterwards detailed. Chemiftry 
has hitherto been unable to difoxygenate any of them, 
fo as to exhibit them in a fimple (late. For this pur- 
pofe, fome fubftance muft be employed, to which oxy- 
gen has a ftronger affinity than to their radicals, either 
by means of fingle affinity, or by double ele&ive attrac- 

2 K 
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tion. All that is known relative to the origin of the 
radicals of thefe acids, will be mentioned in the fe&ions 
let apart for confidering their combinations with the 
falifiable bafes. 



SECT. XII. 



Obfervations upon the Combinations of Metals with 
each other. 



Before clofing our account of the fimple or element- 
ary fubftances, it might be fuppofed neceflary to give 
a table of alloys or combinations of metals with each 
other ; but, as fuch a table would be both exceedingly 
voluminous and very unfatisfa&ory, without going into 
a feries of experiments not yet attempted, I have 
thought it advifable to omit it altogether. All that is 
neceflary to be mentioned is, that thefe alloys mould 
be named according to the metal in largeft proportion 
in the mixture or combination ; thus the term alloy of 
gold andjilver, or gold alloyed with filver, indicates 
that gold is the predominating metal. 

Metallic alloys, like all other combinations, have a 
point of faturation ; it would even appear, from the 
experiments by Mr. de la Briche, that they have two 
perfectly diftinct degrees of faturation. 
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TABLE 



OF THE COMBINATIONS OF AZOT, IN THE STATE OF NITROUS 
ACID, WITH THE SALIFIABLE BASES ARRANGED ACCORDING 
TO THE AFFINITIES OF THESE BASES WITH THE ACID. 



Names of the Bases. Names of the Neutral Salts. 



Notes. 



NEW NOMENCLATURE. 



Barytes Nitrate of barytes. 
Potash potash. 
Soda soda. 


Lime 


lime. 


Magnesia 
Ammoniac 


magnesia, 
ammoniac. 


Argil 


argil. 


Oxyd of zinc 


zinc. 


iron 


iron. 


manganese 
cobalt 


manganese 
cobalt. 


nickel 


nickel. 


lead 


lead. 


tin 


tin. 


copper 
bismuth 


copper, 
bismuth. 


antimony 


antimony. 


arsenic 


arsenic. 


mercury 


mercury. 



silver 

gold 

platina 



These salts are on ly 
known of late, and have 
received no particular 
names in the old no- 
menclature. 

As metals dissolve 
both in nitrous and ni- 
tric acids, metallic salt'-, 
must of consequence be 
formed having different 
degrees of oxygenation. 
Those wherein the me- 
tal is least oxygenated 
must be called Nitrites, 
and when more so Ni- 
trats ; but the limits of 
this distinction are dif- 
ficultly ascertainable. — 
The older chemists 
were not acquainted 
jvvith any of these salts. 
f It is extremely proba- 
J ble, that gold, silver, and 
< platina, only form ni- 
j trats, and cannot subsist 
Ijn the state of nitrites. 



< 
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TABLE 

OF THE COMBINATIONS OF AZOT, COMPLETELY SATURATED WITH 
OXYGEN, IN THE STATE OF NITRIC ACID, WITH THE SALIFIA- 
BLE BASES, IN THE ORDER OF THEIR AFFINITY WITH THAT 
ACID. 



Bases. 



A'amrs of the resulting Neutral Salts. 



NEW NOMENCLATURE. 



Barvtes 


Nitrat of barytcs 


Potash 


potash 


Soda 


soda 


Strontites 


strontites 



Lime 



lime 



Magnesia 


magnesia 


Ammoniac 


ammoniac 


Argil 


argil 


Oxyd of zinc 


zinc 


iron 


iron 


manganese 
cobalt 


manganese 
cobalt 


nickel 


nickel 


tin 


tin 


copper 


copper 


bismuth 


bismuth 


antimony 


antimony 


arsenic 


arsenic 


mercury 


mercury 


silver 


silver 


gold 
platina 


gold 
platina 



OLD NOMENCLATURE. 

C Nitre with a base of 
I heavy earth. 
C Nitre, Saltpetre, Nitre 
I ' with base of potash. 
f Quadrangular nitre, 
-J Nitre with base of 
(_ mineral alkali. 
Unknown. 

'Calcareous nitre. Ni- 
tre with calcareous 
base, Mother-water 
i of nitre, or of salt- 
L petre. 

5 Magnesian nitre,Nitrc 
( with base of magnesia. 

Ammoniacal nitre, 
f Nitrous alum, Argilla- 
< ceous nitre, Nitre with 
(_base of earth of alum. 

Nitre of zinc. 
5 Nitre of iron, Martial 
I nitre, Nitrated iron. 
Nitre of manganese. 
Nitre of cobalt. 
Nitre of nickel. 
5 Saturnine nitre, Nitre 
I of lead. 

C Nitre of copper, or of 
I Venus. 
Nitre of bismuth. 
Nitre of antimony. 
Arsenical nitre. 
Mercurial nitre. 
5 Nitre of silver, or of 
I luna, Luner Caustic . 
Nitre of gold. 
Nitre of platina. 
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SECT. XIII. 

Obfervations upon the Nitrous and Nitric Acids, and 
their Combinations. 

The nitrous and nitric acids are procured from a 
neutral fait long known in the arts under the name of 
faltpetre. This fait is extracted by lixiviation from 
the rubbifh of old buildings, from the earth of cellars, 
ftables, or barns, and in general of all inhabited places*. 
In thefe earths the nitric acid is ufually combined with 
lime and magnefia, fometimes with potafh, and rarely 
with argil. As all thefe falts excepting the nitrat of 
potafh, attract the moifture of the air, and confequently 
would be difficultly preferved, advantage is taken, in 
the manufactures of faltpetre, and in the royal refining 
houfe, of the greater affinity of the nitric acid to potafh 
than thefe other bafes, by which means the lime, mag- 
nefia, and argil, are precipitated, and all thefe nitrats 
are reduced to the nitrat of potafh, or faltpetre. 

The nitric acid is procured from this fait by means 
of diftillation. Three parts of pure faltpetre are de- 
comoofed by means of one part of concentrated ful- 
phuric acid, in a retort with Woulfe's apparatus, (PI. 
IV, Fig. 1,) having its bottles half filled with water, 
and all its joints carefully luted: the nitrous acid 
paffes over in form of red vapours furcharged with ni- 
trous gas, or, in other words, not completely faturated 

* Saltpetre is likewife procured in large quantities by lixiviating the natural 
foil in fome parts of Bengal, and of the Ruffian Ukrain.— T. 
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with oxygen. Part of the acid condenfes in the reci- 
pient, in form of a dark orange red liquid, while the 
reft combines with the water in the bottles. During 
the diftillation, a large quantity of oxygen gas efcapes, 
owing to the greater affinity of oxygen to caloric, in a 
high temperature, than to nitrous acid, though in the 
ufual temperature of the atmofphere this affinity is 
reverfed. It is from the difengagement of oxygen 
that the nitric acid of the neutral fait is in this opera- 
tion converted into nitrous acid*. It is brought back 
to the flate of nitric acid by heating over a gentle fire, 
which drives ofF the fuperabundant nitrous gas, and 
leaves the nitric acid much diluted with water. 

Nitric acid is procurable in a more concentrated 
flate, and with much lefs lofs, by mixing very dry clay 
with faltpetre. This mixture is put into an earthen 
retort, and diftilled with a flrong fire : the clay com- 
bines with the potafh, for which it has great affinity, 
and the nitric acid pafTes over, flightly impregnated 
with nitrous gas. This is eafily difengaged by heating 
the acid gently in a retort, a fmall quantity of nitrous 
gas pafies over into the recipient, and very pure con- 
centrated nitric acid remains in the retort. 

We have already feen, that azot is the nitric radical. 
If to 20] parts by weight, of azot, 43^ parts of oxygen 
be, added, 64 parts of nitrous gas are formed ; and, if 
to this we join 36 additional parts of oxygen, 100 
parts of nitric acid refult from the combination. In- 



* It is evident, that in this operation, there is a very great lofs of nitric arid ; 
as, from the difengagement of oxygen, we cannot poffibly procure near the 
fame quantity of nitric acid by diftillation, that exifted in the combined ftatt 
in the nitre.— T. 
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termediate quantities of oxygen, between thefe two 
extremes of oxygenation, produce different fpecies 
of nitrous acid ; or, in other words, nitric acid lefs or 
more impregnated with nitrous gas. I afcertained the 
above proportions by means of decompofition ; and 
though I cannot anfwer for their abfolute accuracy, 
th-jy cannot be far removed from truth. Mr. Caven- 
difh, who firft mewed by fynthetic experiments, that 
azot is the bafe of nitric acid, gives the proportions of 
azot a little larger than I have done ; but, as it is not 
improbable that he produced the nitrous acid, and not 
the nitric, that circumftance explains in fome degree 
the difference in the refults of our experiments. 

As, in all experiments of a philofophical nature, the 
utmoft poflible degree of accuracy is required, we 
muft procure the nitric acid for experimental purpofes, 
from nitre which has been previoufly purified from all 
foreign matter. If, after difb'llation, any fulphuric 
acid is fufpected in the nitric acid, it is eafily feparated 
by dropping in a little nitrat of barytes, fo long as any 
precipitation takes place ; the fulphuric acid, from its 
greater affinity, attracts the barytes, and forms with it 
an infoluble neutral fait, which falls to the bottom. It 
may be purified in the fame manner from muriatic acid, 
by dropping in a little nitrat of filver, fo long as any 
precipitation of muriat of filver is produced. When 
thefe two precipitations are finifhed, diftil off about 
feven-eighths of the acid by a gentle heat, and what 
comes over is in the moil perfect degree of purity. 

The nitric acid is remarkably prone to combination, 
and is at the fame time very eafily decompofed. A\- 
moft all the fimple fubftances, with the exception of 
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gold, filver, and platina, rob it lefs or more of oxygen ; 
fome of them even decompofe it altogether. It was 
very anciently known, and its combinations have been 
more ftudied by chemifts than thofe of any other acid. 
Thefe combinations were named nitres by Meffrs. Mac- 
quer and Beaume ; but we have changed their names 
to nitrats and nitrites, according as they are formed by 
nitric or by nitrous acid, and have added the fpecific 
name of each particular bafe, to diftinguifh the feveral 
combinations from each other. 
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TABLE 



OF THE COMBINATIONS OF SULPHURIC ACID WITH THE SALI^ 
ABLE BASES, IN THE ORDER OF AFFINITY. 



jYamea of the Bases. 



Resulting Compounds. 



NEW NOMENCLATURE. 



OLD NOMENCLATURE. 



Barytes 
Strontites 

Potash 

Soda 
Lime 

Magnesia 

Ammoniac 
Argil 

Qxyd of zinc 



Sulphat of barytes 
strontites 



potash 

soda 
lime 

magnesia 

ammoniac 
argil 



r 



iron 



manganese 
cobalt 


manganes 
cobalt 


nickel 


nickel 


lead 


lead 


tin 


tin 


copper 


copper 


bismuth 


bismuth 


antimony 


antimony 


arsenic 


arsenic 


mercury 
silver 


mercury 
silver 


gold 
platina 


gold 

platina 




2 L 



Heavy spar, Vitriol of 

heavy earth. 
Unknown. 

"itriolated tartar, Sal de 
duobus, Arcanum du- 
plication. 
Glaubers salt 
5 Selenite, gypsum, calca- 
^ reous vitriol. 
C Epsom salt, Sedlitz salt) 
( Magnesian vitriol. 
C Glaubers secret sal am- 
I moniac. 
Alum. 

{White vitriol, Gossar vi* 
triol, White coperas, 
Vitriol of zinc, 
een coperas, Green 
vitriol, Martial vitriol, 
Vitriol of iron. 
Vitriol of manganese. 
Vitriol of cobalt. 
Vitriol of nickel. 
Vitriol of lead. 
Vitriol of tin. 

{Blue coperas, Blue vi» 
triol, Roman vitriol, 
Vitriol of copper. 
Vitriol of bismuth. 
Vitriol of antimony. 
Vitriol of arsenic. 
Vitriol of mercury. 
Vitriol of silver. 
Vitriol of gold. 
Vitriol of platina. 



^ v u 
f Greei 
< vitr 
I Vit 
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SECT. XIV. 

Obfervaiions upon Sulphuric Acid^ and its Combinations. 

For a long time this acid was procured by diflillation 
from fulphat of iron, in which fulphuric acid and oxyd 
of iron are combined, according to the procefs defcrib- 
ed by Bafil Valentine in the fifteenth century ; but, in 
modern times, it is procured more economically by the 
combuftion of fulphur in proper veffels. Both to fa- 
cilitate the combuftion, and to aflift the oxygenation 
of the fulphur, a little powdered faltpetre, or nitrat of 
potafh, is mixed with it ; the nitre is decompofed, giv- 
ing out its oxygen to the fulphur, and contributes to its 
converfion into an acid. Notwithftanding this addition, 
the fulphur will only continue to burn, in clofe veffels, 
for a limited time ; the combination foon ceafes, be- 
caufe the oxygen is exhaufled, and the air of the veffels 
is reduced almoft to pure azotic gas ; and becaufe the 
acid itfelf remains long in the flate of vapour, and hin- 
ders the progrefs of combuftion. 

In the manufactories for making fulphuric acid in 
the large way, the mixture of nitre and fulphur is 
burnt in large clofe-built chambers, lined with lead, 
having a little water at the bottom, for facilitating the 
condenfation of the vapours. Afterwards, diflillation 
in large retorts with a gentle heat, the water paffes 
over, nightly impregnated with acid, and the fulphuric 
acid remains behind in a concreted ftate. It is then 
pellucid, without any flavour, and nearly double the 
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weight of an equal bulk of water. This procefs would 
be greatly facilitated, and the combuftion much pro- 
longed, by introducing frefh air into the chambers, by 
means of feveral pairs of bellows directed towards the 
flame of the fulphur, and by allowing the nitrous gas 
to efcape through long ferpentine canals, in contact 
with water, to abforb any fulphuric or fulphurous acid 
gas it might contain. 

By one experiment, Mr. Berthollet found that 69 
parts of fulphur in combuftion, united with 31 parts of 
oxygen, to form 100 parts of fulphuric acid ; and, by 
another experiment, made in a different manner, he 
calculates that 100 parts of fulphuric acid confift of 
72 parts of fulphur, combined with 2$ pf oxygen, all 
by weight. 

This acid, in common with every other, can only 
diflblve metals when they have been previoufly oxy- 
dated ; but mod of the metals are capable of decom- 
pofing a part of the acid, fo as to carry off a fufficient 
quantity of oxygen, to render themfelves foluble in the 
p art of the acid which remains undecompofed. This 
happens with filver, mercury, iron, and zinc, in boil r 
ing concentrated fulphuric acid ; they become firft 
oxydated by decompofing part of the acid, and are 
then diflblved, in the other part ; but they do not fuffi- 
ciently difoxygenate the decompofed part of the acid 
to reconvert it into fulphur ; it is only reduced to the 
ftate of fulphurous acid, which, being volatilized 
by the heat, flies off in the form of fulphurous acid 
gas. 

Silver, mercury, and all the other metals except 
iron and zinc, are infoluble in diluted fulphuric acid, 
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becaufe they have not fufficient affinity with oxygen to 
withdraw it from its combination either with the ful- 
phur, the fulphurous acid, or the hydrogen ; but iron 
and zinc, being aflifted by the action of the acid, de- 
compofe the water, and become oxydated at its ex- 
pence, without the help of heat*. 



* The hydrogen gas, employed in filling balloons, is chiefly procured by this 
procefs of difiblving iron tilings, or borings of iron cannon, in dilute fulpburic 
acid. The iron deeompofes the water, forming oxyd of iron with its oxygen, 
and combines with the fulphuric acid into fulphat of iron, while the hydrogen 
of the water is fet free in the gafeous form.— T. 
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TABLE 

OF THE COMBINATIONS OF THE SULPHUROUS ACID WITH THE 
SALIFIABLE BASES, IN THE ORDER OF AFFINITY. 



Na/nes of the Bases. 


Names of the Neutral Salts. 


Barytes 
Potato 


Sulphite 


of barytes. 
potafh. 


Soda 




foda. 


Lime 




lime. 


Magnefia 
Ammoniac 




magnefia. 
ammoniac. 


Argil 

Oxyd of zinc 




argil, 
zinc. 


iron 




iron. 


manganefe 
cobalt 




manganefe. 
cobalt. 


nickel 




nickeL 


lead 




lead. 


tin 




tin. 


copper 
bifmuth 




copper, 
bifmuth. 


antimony 
arfenic 




antimony, 
arfenic. 


mercury 
filver 




mercury, 
filver. 


gold 




gold. 


platina 




platina. 



Note.— The only one of thefe falts known to the old chemifts was the ful- 
phite of Potafh, under the name of S.ahV s fulpbureous fait : So that, before our 
new nomenclature, thefe compounds muft have been named Stahl 's fulpbureous 
fal. , having bafe of fixed vegetable alkali ; and fo of the reft. 

In this Table we have followed Bergman's order of affinity of the fulphuric 
acid, which is th. fame In rrgar.l to the earths and alkalies, but it is not certain 
if the order be the fame for the metallic oxyds.— A. 
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SECT. XV. 

Obfervaiions upon Sulphurous Acid, and its Combinations. 

The fulphurous acid is formed by the union of oxy- 
gen with fulphur, in a lower degree of oxygenation 
than the fulphuric acid. It is procurable either by 
burning fulphur flowly, or by diftilling fulphuric acid 
from filver, antimony, lead, mercury, or charcoal ; by 
thefe operations a part of the oxygen quits the acid, 
uniting to /thefe oxydable bafes, and the acid paifes 
over in the fulphurous ftate of oxygenation. This 
acid, in the common preifure and temperature of the 
air, can only exifh in form of gas ; but it appears, from 
the experiments of Mr. Clouet, that, in a very Mow 
temperature, it condenfes, and becomes fluid. Water 
abforbs a great deal more of this gas than of carbonic 
acid gas, but much lefs than it does of muriatic acid 
gas. 

That the metals cannot be diffolved in acids without 
being previouily oxydated, or by procuring oxygen, 
for that purpofe, from the acids during folution, is a 
general and well-eftablifhed fact, which I have perhaps 
repeated too often. Hence, as fulphurous acid is al- 
ready deprived of great part of the oxygen neceflary 
for forming the fulphuric acid, it is more difpofed to 
recover oxygen,^ than to furnifh it to the greateft part 
of the metals ; and, for this reafon, it cannot diflblve 
them, unlefs previoufly oxydated by other means. 
From the fame principle it is that the metallic oxyds 
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diffolve without effervefcence, and with great facility, 
in fulphurous acid. This acid, like the muriatic, has 
even the property of diffolving metallic oxyds, fur- 
charged with oxygen, and which are, confequently, 
infoluble in fulphuric acid, and in this way true ful- 
phats are formed. Hence we might be led to conclude 
that there are no metallic fulphites, were it not that 
the phenomena which accompany the folution of iron, 
mercury, and fome other metals, convince us that thefe 
metallic fubftances are fufceptible of two degrees of 
oxydation, during their folution in acids. Therefore 
the neutral fait in which the metal is leaft oxydated 
muft be named fulphite, and that in which it is fully 
oxydated, muft be called fulphat. It is yet unknown 
whether this diftinftion is applicable to any of the me- 
tallic fulphats, except thofe of iron or mercurv. 
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TABLE 

OF THE COMBINATIONS OF THE PHOSPHOROUS AND PHOSPHO- 
RIC ACIDS WITH THE SALIFIABLE BASES, IN THE ORDER 
OF AFFINITY. 

Names of the Bases. Names of the Neutral Salts formed by 



PHOSPHOROUS ACID. 


PHOSPHORIC ACID. 


Lime Phosphites' 


* of lime Phosphatsf of lime 


StrontiteS 


strontites 


strontites. 


Barytes 


barytes 


barytes. 


Magnesia 

Potash 

Soda 


magnesia 

potash 

soda 


magnesia. 

potash. 

soda. 


Ammoniac 


ammoniac 


ammoniac 


Argil 


argil 


argil. 


Oxydsi of zinc 


zinc 


zinc. 


iron 


iron 


iron. . 


manganese 
cobalt 


manganese 
cobalt 


manganese 
cobalt. 


nickel 


nickel 


nickel. 


lead 


lead 


lead. 


tin 


tin 


tin. 


copper 
bismuth 


copper 
bismuth 


copper, 
bismuth. 


antimony 


antimony 


antimony. 


arsenic 


arsenic 


arsenic. 


mercury 
silver 


mercury 
silver 


mercury, 
silver. 


gold 
platina 


gold 
platina 


gold, 
platina. 



* AH the phofphites were unknown till lately, and confequently have not 
hitherto received names.— A. 

+ The greater part of the phofphats were only difcovered of late, and have 
not yet been named. — A. 

\ The exiftence of metallic phofphites fuppofes that metals are fufceptible of 
folution in phofphoric acid at different degree* of oxygenation, whi«h is not 
yet afcertained.— A. 
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SECT. XVI. 

Obfervations upon Phofphorous and Phofphoric Adds, 
and their Combinations. 

Under the article Phofphorus, Part II, Seel:. IX, we 
have already given a hiftory of the difcovery of that 
lingular fubftance, with fome obfervations upon the 
mode of its exiftence in vegetable and animal bodies. 
The beft method of obtaining this acid in a date of 
purity is by burning well purified phofphorus under 
bell-glaffes, moiftened on the infide with diftilled wa- 
ter ; during combuflion it abforbs twice and a half its 
weight of oxygen ; fo that 100 parts of phofphoric acid 
is compofed of 28} parts of phofphorus united to 71* 
parts of oxygen. This acid may be obtained concrete, 
in form of white flakes, which greedily attract, the moif- 
ture of the air, by burning phofphorus in a dry glafs 
over mercury. 

To obtain phofphorous acid, which is phofphorus 
lefs oxygenated than in the ftate of phofphoric acid, 
the phofphorus muft be burnt by a very flow fponta- 
neous combuflion over a glafs funnel leading into a 
cryftal phial ; after a few days, the phofphorus is 
found oxygenated, and the phofphorous acid, in pro- 
portion as it forms, attracts moifture from the air, and 
drops into the phial. The phofphorous acid is readily 
changed into phofphoric acid by expofure for a long 
time to the free air ; it abforbs oxygen from the air, 
and becomes fully oxygenated. 

2 M 
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As phofphorus has a fufficient affinity for oxygen to 
attract it from the nitric and oxygenated muriatic acids, 
we may form phofphoric acid, by means of thefe acids, 
in a very fimple and cheap manner. Fill a tubulated 
receiver, half full of concentrated nitric acid, and heat 
it gently, then throw in final 1 pieces of phofphorus 
through the tube, thefe are diffolved with effervelcence, 
and red fumes of nitrous gas fly off ; add phofphorus 
fo long as it will diffolve, and then increafe the fire 
under the retort, to drive off the lafl particles of nitric 
acid ; phofphoric acid, partly fluid and partly concrete,, 
remains in the retort. 
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OF THE COMBINATIONS OF CARBONIC ACI11, WITH THE SALI- 
FIABLE BASES, IN THE ORDER OF AFFINITY. 



Barytcs 

Lime 
Strontitcs 

Potash 



barytcs 

lime 

strontites 

potash 



Names of the Bases. Resulting Neutral Salts. 

NtW NOMENCLATURE. OLD N0MENCLA7BRE. 

Carbonats* of C Aerated or Effervescent heavy 
I earth. 

C Chalk, Calcareous spar, Aerat- 
l ed calcareous earth. 
Unknown. 

or Aerated fixed 
alkali, Mephite of 




Soda 



Magnesia 


magnesia 


Ammoniac 


ammoniac 


Argil 


argil 


Oxyds of 




zinc 


zinc 



manganese manganese 



cobalt 
nickel 

lead 

tin 

copper 

bismuth 

antimony 

arsenic 

mercury 

silver 

gold 

platina 



cobalt 
nickel 

lead 

tin 

copper 

bismuth 

antimony 

arsenic 

mercury 

silver 

gold 

platina 



C Aerated or Effervescing fixed 
I mineral alkali, Mephitic soda. 
C Aerated, effervescing, mild or 
I mephitic magnesia. 
C Aerated, effervescing, mild or 
I mephitic, volatile alkali. 
C Aerated or effervescing argilla- 
^ ceous earth, or Earth of alum . 
C Zinc spar, Mephitic or aerated 
( zinc. 

Sparry iron-ore, Mephitic or 
aerated iron. 

Aerated manganese. 

Aerated cobalt. 

Aerated nickel. 

Sparry lead ore, or Aerated 
lead. 

Aerated tin. 

Aerated copper. 

Aerated bismuth. 

Aerated antimony. 

Aerated arsenic. 

Aerated mercury. 

Aerated silver. 

Aerated gold. 

Aerated platina. 



* As thefe falts have only been underftood of late, they have not, properly 
fpeaking, any old names. Mr. Morveau. in the Firft Volume of the Encyclo- 
pedia, calls them Mepbites ; Mr. Bergman gives tliem the name of aerated ; and 
Mr. de Fourcroy, who call* the carbonic acid chalky acid, gives them tbe name 

of cbalts-*-A. 
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SECT. XVII. 

Qbfervations upon Carbonic Acid, and its Combinations. 

Of all the known acids, the carbonic is the mod 
abundant in nature ; it exifts ready formed in chalk, 
marble, and all the calcareous (tones, in which it is 
neutralized by a particular earth called lime. To dif- 
engage it from this combination, nothing more is re- 
quifite than to add fome fulphuric acid, or any other 
which has a flronger affinity for lime ; a brifk effervef- 
cence enfues, which is produced by the difengaged car- 
bonic acid amiming the ftate of gas, immediately upon 
being fet free. This gas, incapable of being condenfed 
into the folid or liquid form by any degree of cold or 
of preifure hitherto known, unites to about its own 
bulk of water, and thereby forms a very weak acid li- 
quor. It may likewife be obtained in great abundance 
from faccharine matters in fermentation - ? but is then 
contaminated by a fmall portion of alcohol, which it 
holds in folution. 

As carbon is the radical of this acid, we may form 
it artificially, by burning charcoal in oxygen gas, or 
by combining charcoal and metallic oxyds in proper 
proportions ; the oxygen of the oxyd combines with 
the carbon, forming carbonic acid gas, and the metal 
being left free, recovers its metallic or reguline form. 

We are indebted for our firft knowledge of this 
acid to Dr, Black, before whofe time its property of 
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remaining always in the ftate of gas had enabled it to 
elude the refearches of chemiftry. 

It would be a mod valuable difcovery to fociety, if 
we could decompofe this gas by any cheap procefs, as 
by that means we might obtain, for economical pur- 
pofes, the immenfe (lore of charcoal contained in cal- 
careous earths, marbles, limeftones, &c. This cannot 
be effected by fmgle affinity, becaufe, to decompofe 
the carbonic acid, it requires a fubftance as combuf- 
tible as charcoal itfelf, fo that we mould only make an 
exchange of one -combuftible body for another not 
more valuable ; but it may poffibly be accomplished* 
by double affinity, fince this procefs is fo readily per- 
formed by nature, during vegetation, from the moft 
common materials. 



' Mr. Smithfon Tennant has given, in the Phil. Tranf. for 1791, Art. XI, 
feme experiments on the decompofition of carbonic acid. Some powdered 
marble, (lightly calcined, acd Tome phofphorus, being introduced into a glafs- 
tube coated with a lute of fand and clay, are kept in a red heat for fome mi- 
nutes, and fuffered to cool ; on breaking the tube, a black powder is found, 
which conhfts of chareoal and phofphat of lime. In the laboratory of Dr. 
Black, the decompofnion has been produced, w lumida ; fome folutionof ful- 
phuret of petafh, that had flood for feveral days in an open matrafs, expofed to 
the air of the room, which had been breathed by feveral hundred ftudents, was 
found to hare depoftted charcoal on the fides of the veifel.— T, 
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TABLE 



OF THE COMBINATIONS OF MURIATIC ACID WITH THE SALI- 
FIABLE BASES, IN THE ORDER OF AFFINITY. 



Names of the Bases. 



Resulting Neutral Salts. 







VP.W NOMEKCLATl/RB. 


Barytes 




Muriat of 
barytes 


Potash 




potash 


Soda 




soda 


Strontites 




strontite* 


Lime 




lime 


Magnesia 




magnesia 


Ammoniac 




ammoniac 


Argil 




argil 


Oxyd of 






zinc 




zinc 


iron 




iron 


manganese 
cobalt 




manganese 
cobalt 


nickel 




nickel 


lead 




lead 


tin 


I 


smoking, of tin 


solid, of tin 


copper 
bismuth 




copper 
bismuth 


antimony 




antimony 


arsenic 


f 
1 


arsenic 




sweet, of mercury 


mercury 


1 

1 


corrosive, of mer- 




I 


cury 


silver 




silver 


gold 

platina 




gold 
platina 



OLD NOMBNC T.ATVRR. 

C Sea-salt having base of 
\ heavy curt!:. 
f Febrifuge salt of Sylvius. 
■< Muriated vegetable fix- 
(. ed alkali. 

Sea-salt. 

Unknown. 
5 Muriated lime. 
\ Oil of lime. 
5 Marine Epsom salt. 
\ Muriated magnesia. 

Sal ammoniac, 
f Muriated alum, Sea-salt 
•s with base of earth of 
(^ alum. 

5 Sea-salt of zinc, or Mu- 
\ riaticzinc. 
C Salt of iron, or Martial 
\ sea-salt. 

Sea-salt of manganese. 

Sea salt of cobalt. 

Sea-salt of nickel. 
C Horny lead,or Plumbum 
\ corneum. 
f Smoking liquor of Elba- 
's vius. 
(.Butter of tin. 

Sea salt of copper. 

Sea-salt of bismuth. 

Sea-salt of antimony. 

Sea-salt of arsenic, 
f Sweet sublimate of mer- 
■j cury, Calomel, Aquila 
(. alba. 

5 Corrosive sublimate of 
I mercury. 
5 Horny silver, Argentum 
£ co rneum,Luna cornea. 

Sea-salt of gold. 

Sea-salt of platina. 
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TABLE 

OF THE COMBINATIONS OF OXYGENATED MURIATIC ACID WITH 
THE SALIFIABLE BASES, IN THE ORDER OF AFFINITY. 



JVamea of the Bases. 


Names of the Neutral Salts by thi 




NEW NOMEtiCLATUR B. 


Barytes 
Potaih 


Oxygenated muriat* of 
barytes. 
potafh. 


Soda 


foda. 


Lime 


lime. 


Magnefia 

Argil 

Oxyd of zinc 


magnefia). 

argil. 

zinc. 


iron 


iron. 


manganefe. 
cobalt 


manganefe. 
cobalt. 


nickel 


nickel. 


lead 


lead. 


tin 


tin. 


copper 
bifmuth 


copper, 
bifmuth. 


antimony 
arfenic 


antimony, 
arfenic. 


mercury 
filver 


mercury, 
filver. 


gold 
platina 


gold, 
platina. 



This order of fairs, entirely unknown to the older chamia*, was difeovered 
in 1786 by Mr. Berthollet.— A. 

* The much more convenient term of Oxymuriat, is now very generally 
adopted for this order of combinations.— T. 



^9 a ELEMENTS OF CHEMISTRY. 

SECT. XVIII. 

Obfervations upon Muriatic and Oxygenated Muriatic 
Acids, and their Combinations. 

Muriatic acid is very abundant in the mineral king- 
dom, naturally combined with different falifiable bafes 
efpecially with foda, lime, and magnefia. In fea- water, 
and the water of feveral lakes, it is combined with thefe 
three bafes ; and in mines of rock-falt it is chiefly 
united to foda. This acid does not appear to have 
been hitherto decompofed in any chemical experiment* 
fo that we have no idea whatever of the nature of its 
radical, and only conclude, from analogy with the 
other acids, that it contains oxygen as its acidifying 
principle. Mr. Berthollet f fufpe&s the radical to be 
of a metallic nature ; but, as Nature appears to form 
this acid daily in inhabited places, by combining miaf- 
mata with aeriform fluids, this muft neceflarily fup- 
pofe a metallic gas to exift in the atmofphere, which 
is certainly not impoflible, but cannot be admitted 
without proof. 

The muriatic acid has only a moderate adherence to 
the falifiable bafes, and can readily be driven from its 
combination with thefe by fulphuric acid. Other 
acids, as the nitric, for inftance, may anfwer the fame 

* This fubjedl has been already mentioned in Tome former notes, where the 
late difcovery of this bafe is faid to have been made by Dr. Girtanner.— T. 

f He has fince entertained an idea, but not grounded on deciiive experi- 
ments, that its bans is a compound of hydrogen and azot.— T. 
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purpofe ; but nitric acid being volatile, would mix, 
during diftillation with the muriatic. About one part 
of fulphuric acid is fufficicnt to decompofe two parts 
of depreciated fea-falt. This operation is performed 
in a tubulated retort, having Woulfe's apparatus, PI. 
IV, Fig. i, adapted to it, When all the junctures are 
properly luted, the fea-falt is put into the retort, 
through the tube, the fulphuric acid is poured on, and 
the opening is immediately clofed by its ground cryf- 
tal-fropper. As the muriatic acid can only fubfift in 
the gafeous form, in the ordinary temperature, we can- 
not condenfe it without the prefence of water. Hence 
the ufe of the water with which the bottles in Woulfe's 
apparatus are half filled ; the muriatic acid gas, driven 
oft' from the fea-falt in the retort, combines with the 
water, and forms what the old chemifts called /making 
fpirit of fait, or Glaubers fpirit of fea-falt, which we 
now name muriatic acid. 

The acid obtained by the above procefs is (till capa- 
ble of combining with a further quantity of oxygen, 
by being diffcilled from the oxyds of manganefe, lead 
or mercury ; and the refulting acid, which we name 
oxygenated muriatic acid, can only, like the former, 
exift in the gafeous form, and is abforbed, but in a 
much fmaller quantity, by water. When the impreg- 
nation of water with this gas is pufhed beyond a cer- 
tain point, the fuperabundant acid precipitates to the 
bottom of the veffels in a concrete form. Mr. Berthol- 
let has fliown that this acid is capable of combining 
with a great number of the falifiable bafes. The neu- 
tral falts, which refult from this union are fufceptible 
of deflagrating with charcoal, and with many of the 

2 N 
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metallic fubftances ; but thefe deflagrations are very 
violent and dangerous, owing to the great quantity of 
caloric which the oxygen carries along with it into the 
compofition of oxygenated muriatic acid*. 



* It his been formerly mentioned, that Murioxic acid would be a more con- 
venient term for this acid, than oxygenated muriatic, the one adopted in the 
new nomenclature by the French chemifts: In this cafe, the combination* 
would be named Murhxmtt of baryc, &c. ; inltead of the much longer, and 
not more evident, terms of oxygenated muriats. 

Oflatf the Britifh chemifts have generally called this acid Oxymuriatie, and 
iti compounds with falifiable bafes Qxymuriatt. — T. 
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TABLE. 

OF THE COMBINATIONS OF NITRO-MURIATIC ACID WITH THE 
SALIFIABLE BASES, IN THE ORDER OF AFFINITY, SO FAR AS 
IS KNOWN. 



Names of the Bases. 



Names of the Neutral Salts 



Argil 


Nitro-muriat of argil. 


Ammoniac 


ammoniac. 


Oxyd of antimony 


antimony. 


filver 


filver. 


arfenic 


arfenic. 


Barytes 


barytes. 


Oxyd of bifmuth 


bifmuth. 


Lime 


lime. 


Oxyd of cobalt 


cobalt. 


copper 


copper. 


tin 


tin. 


iron 


iron. 


Magnefia 


magnefia. 


Oxyd of manganefe 


manganefe 


mercury 


mercury. 


molybdenat 


molybdena. 


nickel 


nickel. 


gold 


gold. 


platina 


platina 


lead 


lead. 


Potafh 


potafh. 


Soda 


foda. 


Oxyd of tungftein 


tungftein. 


zinc 


zinc. 



Ntte.— Moll of thefe combinations, e fpetially thofe with the earths and alka- 
lies, have been little examined, and we are yet to learn whether they farm a 
mixed fait, in which the compound radical remains combined, or if the two 
acids feparate, to form tw» diftiniit neutral falts.— A, 
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SECT. XIX. 



Obfcrvaiions upon the Nitro-Muriatic* Acid, and its 
Combinations. 



The nitro-muriatic acid, formerly called aqua rcgia, 
is formed by a mixture of nitric and muriatic acids. 
The radicals of thefe two acids combine together, and 
form a compound bafe, from which an acid is pro- 
duced, having properties peculiar to itfelf, and diftinct. 
from thofe of all other acids, efpecially the power of 
diflblving gold and platina. 

In difiolutions of metals in this acid, as in all other 
acids, the metals are firft oxydated by attracting a part 
of the oxygen from the compound radical. This oc- 
cafions a difengagement of a particular fpecies of gas 
not hitherto defcribed, which may be called nitro-mu- 
riatic gas ; it has a very difagreeable fmell, and is fatal 
to animal life when refpired ; it attacks iron and caufes 
it to ruft ; it is abforbed in considerable quantity by 
water, which thereby acquires fome flight characters of 
acidity. I had occafion to make thefe remarks during 
a courfe of experiments upon platina, in which I dif- 
folved a confiderable quantity of that metal in nitro- 
muriatic acid. 

* Azo-muriatic would perhaps anfwer better as a term for this compound 
acid; Azomuria having been, in a former note, propoled as a mo-i conve- 
nient name for the bafe than the more lengthened expreffion of Nitro-muriatic 

radical.— T. 
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I at firft fufpected that, in the mixture of nitric and 
muriatic acids, the latter attracted a part of the oxy- 
gen from the former, and became converted into oxy- 
genated muriatic acid, which gave it the property of 
diffolving gold ; but feveral fads remain inexplicable 
upon this fuppofition. Were it fo, we mould be able 
to difengage nitrous gas by heating this acid, which 
however does not fenfibly happen. From thefe confi- 
derations, I am led to adopt the opinion of Mr. Ber- 
thollet, and to confider nitro-muriatic acid as a fingle 
acid, with a compound bafe or radical. 



ao8 
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TABLE 

* «F THE COMBINATIONS OF FLUORIC ACID WITH THE SALIFI- 
ABLE BASES, IN THE ORDER OF AFFINITY. 



Names of the Eaves. 


Names of the A'cutrai oc 


Lime 


Fluat of lime*. 


Barytes 


barytes. 


Strontites 


strontites. 


Magnefia 


magnefia. 


Potafh 


potafh. 


Soda 


foda. 


Ammoniac 


ammoniac. 


Oxyd of zinc 


zinc. 


manganefe' 


manganefe 


iron 


iron. 


lead 


lead. 


tin 


tin. 


cobalt 


cobalt. 


copper 


copper. 


nickel 


nickel. 


arfenic 


arfenic. 


bifmuth 


bifmuth. 


mercury 


mercury. 


filver 


filver. 


gold 


gold. 


platina 


platina. 


And, by the dry way, 




Argil 


Fluat of argil. 



Notc.-Thek combinations were entirely unknown to the old chemift*, and 
confequently have no names in the old nomenclature.— A. 

• Fluor fpar, or Vitreous fp«r. 
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SECT. XX. 

■ 

Obfervations upon the Fluoric Acid, and its Combinations.. 

Fluoric acid exifls ready formed by nature, in the 
fluoric fpars*, combined with calcareous earth, fo as 
to form an infoluble neutral fait. To obtain it, difen- 
gaged from that combination, fluor fpar, or fiuat of 
lime, is put into a leaden retort, with a proper quan- 
tity of fulphuric acid ; a recipient, likewife of lead, 
half full of water, is adapted, and fire is applied to tha 
retort. The fulphuric acid, from its greater affinity, 
expels the fluoric acid, which pafifes over and is abforb- 
ed by the water in the receiver. As fluoric acid is na- 
turally in the gafeous form in the ordinary temperature, 
we can receive it in a pneumato-chemical apparatus 
over mercury. We are obliged to employ metallic 
veflels in this procefs, becaufe fluoric acid diflblves 
glafs and filiceous earth, and even renders thefe bodies 
volatile, carrying them over with itfelf in diflillation 
in the gafeous form. 

We are indebted to Mr. Margraff for our firfl ac- 
quaintance with this acid ; though, as he could never 
procure it free from combination with a considerable 
quantity of filiceous earth, he was ignorant of its being 
an acid fui generis. The Duke de Liancourt, under 
the name of Mr. Boulanger, has considerably increafed 

* The beautiful fpars from Derby&ire are of this kind. 
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our knowledge of its properties ; and Mr. Scheele fcems 
to have exhaufted the fubjeft. The only thing remain- 
ing is to endeavour to difcover the nature of the fluo- 
ric radical, of which we cannot hitherto form any idea, 
as the acid does not appear to have been decompofed 
in any experiment. It is only by means of compound 
affinity that experiments ought to be made with this 
view, with any probability of fuccefs. 
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TABLE 



»1 THE COMBINATIONS OF BORACIC ACID WITH THE SALIFI- 
ABLE BASES, IN THE ORDER OF AFFINITY, 



Bases, 

Lime* 

Barytes 

Strontites 

Magnefia 

Potafh 

Soda 

Ammoniac 

Oxyd of zinc 
iron 
lead 
tin 

cobalt 
copper 
nickel 



Argil 



mercury 



Neutral Salts. 

Borat of lime. 

barytes. 

ftrontites,. 

magnefia. 

potafh. 

foda. 

ammoniac 

zinc. 

iron. 

lead. 

tin. 

cobalt. 

copper. 

nickel. 

mercury. 

argil. 



Neit.— Moil of thefe combinations were neither known, nor named by the 
old chemilts. The boracic acid was formerly called frdative fait, and its com- 
pounds borax, with bafe of fixed vegetable alkali, &c— A. 

* By Dr. Hope's experiments, in his paper on ftrontites, read to the Royal 
Society of Edinburgh, lime follows barytes, and the fuperiority between lime 
and ftrontites is uncertain.— T. 

2 O 
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SECT. XXI.- 

Obfervations upon Boracic Acid, and its Combinations. 

This is a concrete acid, extracted from a fait procured 
in India, called borax or tincall. Although borax has 
been very long employed in the arts, we have as yet 
very imperfect 'knowledge of its origin, and of the 
methods by which it is extracted and purified ; there 
is reafon to believe it to be a native fait, found in the 
earth, in certain parts of the eaft, and in the water of 
fome lakes. The whole trade of borax is in the hands 
of the Dutch, who have been exclufively poffefled of 
the art of purifying it, till very lately, that Meflrs. 
L'Eguillier of Paris have rivalled them in the manu- 
facture ; but the procefs flill remains a fecret to the 
world. 

By chemical analyfis, we learn that borax is a neu- 
tral fait with excefs of bafe, confiding of foda, partly 
faturated with a peculiar acid, long called Homberg's 
fedative fait, now the boracic acid. This acid is found 
in an uncombined (late in the waters of certain lakes : 
That of Cherchiais in Italy contains 94!- grains in each 
pint of water. 

To obtain boracic acid, diffolve fome borax in boil- 
ing water, filtrate the folution, and add fulphuric acid, 
or any other having greater affinity to foda than the 
boracic acid ; this latter acid is feparated, and is pro- 
cured in a cryftalline form by cooling. This acid was 
long confidered as being formed during the procefs by 
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which it is obtained, and was confequently fuppofed to 
differ according to the nature of the acid employed in 
Separating it from the foda ; but it is now univerfally 
acknowledged that it is identically the fame acid, in 
whatever way procured, provided it be properly puri- 
fied from mixture of other acids, by warning, and by 
repeated folution and cryftallization. It is lbluble 
both in water and alcohol, and has the property of 
communicating a green colour to the flame of that 
fpirit. This circumftance led to a fufpicion of its con- 
taining copper, which is not confirmed by any decifive 
experiment : On the contrary, if it contain any of that 
metal, it mud only be confidered as an accidental 
mixture. It combines with the falifiable bafes - in the 
humid way ; and though, in this manner, it is incapable 
of diflblving any of the metals directly, this combina- 
tion is readily affected by compound affinity. 

The Table prefents its combinations in the order of 
affinity in the humid way ; but there is a confiderable 
change in the order, when we operate via ficca ; for, 
in that cafe, argil, though the laft in our lift, muft be 
placed immediately after foda. 

The boracic radical is hitherto unknown, no expe- 
riments having as yet been able to decompofe the acid; 
but we conclude, from analogy with the other acids, 
that oxygen exifts in its compofition, as the acidifying 
principle. 



3°4 
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TABLE 

OF THE COMBINATIONS OF ARSENIAC ACID WITH THE SAL1' 
FIABLE BASES, IN THE ORDER OF AFFINITY. 



Bases, 


Neutral Salts. 


Lime 


Arfeniat of lime. 


Barytes 


barytes. 


Strontites 


flrontites. 


Magnefia 


magnefia. 


Potafh 


potafli. 


Soda 


foda. 


Ammoniac 


ammoniac. 


Oxyd of zinc 


zinc. 


manganefe 


manganefe, 


iron 


iron. 


lead 


lead. 


tin 


tin. 


cobalt 


cobalt. 


copper 


copper. 


nickel 


nickel. 


bifmuth 


bifmuth. 


mercury 


mercury. 


antimony 


antimony. 


filver 


filver. 


gold 


gold. 


platina 


platina. 


Argil 


argil. 



Note — This order of fairs W3.s entirely unknown to the old chemifts. Mr. 
Macquer, in 174'i dif overcd fhe combinations cf arfeniac acid with potafli and 
foda, to which he gave the name of arfenital neutral falts. — A. 
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SECT. XXII. 

Obfer nations upon Arfeniac Acid, and its Combinations. 

In the Collections of the Academy for 1746, Mr. 
Macquer mews, that when a mixture of white oxyd of 
arfenic and nitre are fubje&ed to the action of a ftrong 
fire, a neutral fait is obtained, which he calls neutral 
fait of arfenic. At that time, the caufe of this fmgular 
phenomenon, in which a metal acts the part of an acid, 
was quite unknown ; but more modern experiments 
teach, that during this procefs, the arfenic becomes 
oxygenated, by carrying off the oxygen of the nitric 
acid ; it is thus converted into a real acid, and com- 
bines with the potafh. There are other methods now 
known for oxygenating arfenic, and obtaining its acid 
free from combination. The mofl fimple and mod 
effectual of thefe is as follows : Diflblve white oxyd of 
arfenic in three parts, by weight, of muriatic acid ; to 
this folution, in a boiling ftate, add two parts of nitric 
acid, and evaporate to drynefs. In this procefs the 
nitric acid is decompofed, its oxygen unites with the 
oxyd of arfenic, and converts it into an acid, and the 
nitrous radical flies off in the ftate of nitrous gas ; 
while the muriatic acid is converted by the heat into 
muriatic acid gas, and may be collected in proper vef- 
fels. The arfeniac acid is entirely freed from the other 
acids employed during the procefs by heating it in a 
crucible till it begins to grow red ; what remains is 
pure concrete arfeniac acid. 
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Mr. Scheele's procefs, which was repeated with 
great fuccefs by Mr. Morveau, in the laboratory at 
Dijon, is as follows : Diftil muriatic acid from the 
black oxyd of manganefe ; this converts it into oxy- 
genated muriatic acid, by carrying off the oxygen from 
the manganefe ; receive this oxygenated acid in a re- 
cipient, containing white oxyd of arfenic, covered by 
a little diftilled water ; the arfenic decompofes the ox- 
ygenated muriatic acid, by carrying off its fuper-fatur- 
ation of oxygen, and is converted into arfeniac acid, 
while the oxygenated muriatic acid is brought back to 
the ftate of common muriatic acid. The two acids are 
feparated by diflillation, with a gentle heat encreafed 
towards the end of the operation ; the muriatic acid 
paffes over, and the arfeniac acid remains behind in a 
white concrete form. 

The arfeniac acid is confiderably lefs volatile than 
white oxyd of arfenic ; it often contains white oxyd of 
arfenic in folution, owing to its not being fufficiently 
oxygenated ; this is prevented by continuing to add 
nitrous acid, as in the former procefs, till no more 
' nitrous gas is produced. From all thefe obfervations, 
I would give the following definition of arfeniac acid. 
It is a white concrete metallic acid, formed by the 
combination of arfenic with oxygen ; it is fixed in a 
red heat, is foluble in water, and is capable of com- 
bining with many of the falifiable bafes. 
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SECT. XXIII. 



Obfervations upon Molybdic Acid, and its combinations 
ivith Acidijiable Bafes*. 



Molybdena is a particular metallic body, capable of 
being oxygenated, fo far as to become a true concrete 
acid f. For this purpofe, one part by weight of the 
ore of molybdena, which is a natural fulphuret of that 
metal, is put into a retort with five or fix parts of nitric 
acid, diluted with a. quarter of its weight of water, and 
heat is applied to the retort ; the oxygen of the nitric 
acid acts both upon the molybdena and the fulphur, 
converting the one into molybdic, and the other into 
fulphuric acid ; pour on frefh quantities of nitric acid 
fo long as any red fumes of nitrous gas efcape ; the 
molybdena is then oxygenated as far as is poffible, and 
is found at the bottom of the retort in a pulverulent 
form, refembling chalk. It muft be warned in warm 
water, to feparate any adhering particles of fulphuric 
acid ; and, as it is hardly foluble, we lofe very little of 



* I have not added the Table of thefe combinations, as the order of their 
affinity is entirely unknown; they are called melybdats of argil, antimony, potafh, 

ate.— t. 



f This acid was difcovered by Mr. Scheele, to whom chemiltry is indebted 
for the difcovery of feveral other acids. — A. 






J 



08 ELEMENTS OF CHEMISTRY. 



it in this operation. All its combinations with faliha- 
ble bafes were unknown to the old chemifts*. 



* Meflrs. Tondi and Ruprecht have lately reduced Molybdena to the regu- 
line ftate, by a fimihr proctfs ro that formerly deferibed for reducing the me- 
tals of Chalk. Magnelia and Barytes. They dtfoibe the metallic button as 
being convex and compact, and refembling Itttl in its colour; its fracture is 
uneven >nd granulated, and has more metallic luftre internally than on the fur- 
face ; it is brittle, not hard, and not attradl ble by the magnet. On the lurface 
oi one of the buttons procured in thefe experiments, fome little cavities were 
obferved, in which the metal had cryfkallized in form of prifmatic needles, 
which were too fmall to allow of their particular configuration being accu- 
rately determined. The fpecific gravity of this metal, according to the expe- 
riments o: Mr. Haidinger, counfellor of the Schemnitz mines, is 6.963, water 
being taken as i.oco. — T. 
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TABLE 



OF THE COMBINATIONS OF TUNGSTIC ACID, WITH THE SAI.I* 
FIABLE BASES. 



Bases. 




JVeutral Salts.. 


Lime 




Tungftat 


of lime. 


Barytes 






barytes. 


Magnefia 






magnefia. 


Potato 






potafh. 


Soda 






foda. 


Ammoniac 






ammoniac. 


Argil 






argil. 


Oxyd of 








antimony*, 


&c. 




antimonyf, &c 




SECT. 


XXIV. 





Obfervations upon Tungstic Acid, and its Combinations. 

Tungftein is a particular metal, the ore of which has 
frequently been confounded with that of tin. The fpe- 
cific gravity of this ore is to water as 6 to I ; in its 
form of cryftallization it refembles the garnet, and 

* The combinations with metallic oxyds are fet down by Mr. Lavoifier in 
alphabetical order, their order of affinity being unknown ; I have omitted them 
« ferving no purpofe.— - T. 

t AH there falti were nnknown to the old chemifts.— A 
2 P 
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varies in colour from a pearl-white to a yellow and 
reddifh ; it is found in feveral parts of Saxony and 
Bohemia. The mineral called Wolfram, which is fre- 
quent in the mines of Cornwall, is likewife an ore 
of this metal. In ail thefe ores the metal is oxydated ; 
and, in fome of them, it appears even to be oxygen- 
ated to the flate of acid, being combined with lime 
into a true tungftat of lime. 

To obtain the acid free, mix one part of ore of tung- 
ftein with four parts of carbonat of potafh, and melt the 
mixture in a crucible ; then powder it and pour on 1 2 
parts of boiling water, add nitric acid, and the tungftic 
acid precipitates in a concrete form. Afterwards, to in- 
fure the complete oxygenation of the metal, add more 
nitric acid, and evaporate to drynefs, repeating this ope- 
ration fo long as red fumes of nitrous gas are produced. 
To procure tungftic acid perfectly pure, the fufion of 
the ore with carbonat of potafh rauft be made in a cru- 
cible of platina, otherwife the earth of the common 
crucibles will mix with the products, and adulterate 
the acid. 
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II 



TABLE 



*^ THE COMBINATIONS OF TAHTAROVS ACID WITH THE SAL*« 
FIABLE BASES; IN THE ORDER OF AFFIMTT. 



Bases 


Neutral Salts. 


Lime 


Tartarite of lime. 


-Barytes 


barytes. 


Strontites 


strontites* 


Magnefia 


magnefia. 


Potafh 


potafh. 


Soda 


foda. 


Ammoniac 


ammoniac. 


Argil 


argil. 


Oxyd of zinc 


zinc. 


iron 


iron. 


manganefc 


manganefe 


cobalt 


cobalt. 


nickel 


nickel. 


lead 


lead. 


tin 


tin. 


copper 


copper. 


bifmuth 


bifmuth. 


antimony. 


antimony. 


arfenic 


arfenic. 


filver 


filver. 


mercury 


mercury. 


gold 


gold. 


.platina 


platina. 
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SECT. XXV. 

Obfervations upon Tartarous Acid, and its Com- 
binations. 



Tartar, or the concretion which fixes to the infide 
of veflels irt which the fermentation of wine is com- 
pleted, is a well-known fait, compofed of a peculiar 
acid, united, in confiderable excefs, to potafh. Mr. 
Scheele firft pointed out the method of obtaining this 
acid pure : Having obferved that it has a greater affin- 
ity to lime than to potafh, he directs us to proceed in 
the following manner. Diffolve purified tartar in boil- 
ing water, and add a fufficient quantity of lime till the 
acid be completely faturated. The tartarite of lime, 
which is thus formed, being almoft infoluble in cold 
water, falls to the bottom, and is feparated from the 
folution of potafh by decantation ; it is afterwards 
warned in cold watj:r, and dried ; then fome fulphuric 
acid, diluted with eight or nine pints of water, is 
poured on ; digeft for twelve hours in a gentle heat, 
frequently flirring the mixture, and the fulphuric acid 
combines with the lime, leaving the tartarous acid free. 
Afmall quantity of gas, not hitherto examined, is dif- 
engaged during this procefs. At the end of twelve 
hours, having decanted off* the clear liquor, warn the 
fulphat of lime in cold water, which add to the de- 
canted liquor, then evaporate the whole, and the 
Partarous acid is obtained in a concrete form. Two 
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pounds of purified tartar, by means of from eight to 
ten ounces of fulphuric acid, yield about eleven ounces 
of tartarous acid. 

As the combuflible radical exifts in excefs, or as the 
acid from tartar is not fully faturated with oxygen, we 
call it tartarous acid, and the neutral falts, formed by 
its combinations with falifiable bafes, are named tarta- 
rites. The bafe of the tartarous acid is a carbono- 
hydrous or hydro-carbonous radical, Iefs oxygenated 
than in the oxalic acid ; and it would appear, from the 
experiments of Mr. Hafienfratz, that azot enters into 
the compofition of the tartarous radical, even in con- 
fiderable quantity. By oxygenating tartarous acid ftill 
farther, it is convertible into oxalic, malic, and ace- 
tous acids ; but it is probable the proportions of hydro- 
gen and carbon in the radical are changed during 
thefe converfions, and that the difference between thefe 
acids does not alone confifl in the different degrees of 
oxygenation. 

The tartarous acid is fufceptible of two degrees of 
faturation in its combinations with the fixed alkalies ; 
by one of thefe a fait is formed with excefs of acid, 
improperly called cream of tartar, which in our new 
nomenclature is named acidulous tartarite of potafh ; 
by a fecond or reciprocal degree of faturation, a per- 
fectly neutral fait is formed, formerly called vegetable 
fait, which we name tartarite of potajh. With foda 
this acid forms tartarite of foda, formerly called fal de 
Seignette, or fal poly chr eft ofRochell*. 

* This account of the cohipofition of Rochelle fait is not quite accurate: It 
is a triple fait, coniilting or tartarous acid faturated by foda and potail-, and is 
f.-rmed by completely neutralizing acidulous tartarite of potato, by the addition 
ofa fujfident quantity of foda. —T. 
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SECT. XXVI. 

Obfervations upon Malic Acid, and its Combinations with 
the Salifiable Bafes*. 

The malic acidexifts ready formed in the four juice 
of ripe and unripe apples, and many other fruits, and 
is obtained as follows : Saturate the juice of apples 
with potafh or foda, and add a proper proportion of 
acetite of lead diffolved in water ; a double decompo- 
fition takes place, the malic acid combines with the 
oxyd of lead, and precipitates, being almoft infoluble, 
and the acetite of potafh or foda remains in the liquor. 
The malat of lead being feparated by decantation, is 
warned with cold water, and fome dilute fulphuric 
acid is added ; this unites with the lead into an info- 
luble fulphat, and the malic acid remains free in the 
liquor. 

This acid, which is found mixed with citric and 
tartarous acid in a great number of fruits, is a kind of 
medium between the oxalic and acetous acids, being 
more Oxygenated than the former, and lefs fo than the 
latter. From this circumftance, Mr. Hermbftadt calls 
it imperfect vinegar ; but it differs likewife from acetous 
acid, by having rather more carbon, and lefs hydrogen, 
in the compofition of its radical. 



* I have omitted the Table, as the order of affinity is unknown, and v 
given by Mr. Lavoifn r only in alphabetical order. All the combinations of 
malic acid with falifiable bafes, which are named malats, were unknown to th* 
old chemifts.— T. 
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When an acid much diluted has been ufed in the 
foregoing procefs, the liquor contains oxalic as well 
as malic acid, and probably a little tartarous ; thefe 
are feparated by mixing lime water with the acids, 
oxalat, tartarite, and malat of lime are produced ; 
the two former, being infoluble, are precipitated, and 
the malat of lime remains diffolved ; from this the pure 
malic acid is feparated by the acetite of lead, and after- 
wards by fulphuric acid, as directed above. 



3>6 
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TABLE 



•F THE COMBINATIONS OF CITRIC ACID WITH THE SALIFI- 
ABLE BASES, IN THE ORDER OF AFFINITY*. 



Bases. 


Neutral Salts. 


Barytes 
Lime 


Citrat of barytes, 
lime. 


Magnefia 

Potato 

Soda 


magnefia. 

potafh. 

foda. 


Ammoniac 


ammoniac. 


Oxyd of zinc 

manganefe 


zinc, 
manganefe. 


iron 


iron. 


lead 


lead. 


cobalt 


cobalt. 


copper 
arfenic 


copper, 
arfenic. 


mercury 


mercury. 


antimony 
filver 


antimony, 
filver. 


gold 
platina 
Argil 


gold. 

platina. 

argil. 



* Thcfe combinations were unknown to the old chemifts. The order of 
affinity ©f the falifiable bafes with this acid was determined by Mr. Bergman, 
and by Mr. de Breney of the Dijon Academy.— -A. 
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SECT. XXVII. 

Obfervations upon Citric Acid, and its Combinations. 

The citric acid is procured by expreflion from lemons, 
and is found in the juices of many other fruits mix- 
ed with malic acid. To obtain it pure and concen- 
trated, it is firft allowed to depurate from the mu- 
cous part of the fruit, by long reft in a cool cellar, and 
is afterwards concentrated by expofing it to the tem- 
perature of from 21 to 23 of Fahrenheit ; the water 
is thereby frozen, and the acid remains liquid, reduced 
to about an eighth part of its original bulk. A lower 
degree of cold would cccafion the acid to be engaged 
among the ice, and render it difficultly feparated. This 
procefs was pointed out by Mr. Georgius. 

It is more eafily obtained by faturating the lemon- 
juice with lime, fo as to form a citrat of lime, which 
is infoluble in water ; wafh this fait, and pour on a 
proper quantity of fulphuric acid ; this forms a fulphat 
of lime, which precipitates and leaves the citric acid 
free in the liquor. 



2 o 
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TABLE 

OF THE COMBINATIONS OF PYRO-LIGNOUS ACID WITH THE: 
SALIFIABLE BASES, IX THE ORDER OF AFFINITY.* 



Bases. 


.Ventral Salts, 


Lime 


Pyro-lignite of lime. 


Barytes 


barytes. 


Potato 


potafh. 


Soda 


foda. 


Magnefia 


magnefia. 


Ammoniac 


ammoniac. 


Oxyd of zinc 


zinc. 


manganefe 


manganefe. 


iron 


iron. 


lead 


lead. 


tin 


tin. 


cobalt 


cobalt. 


copper 


copper. 


nickel 


nickel. 


arfenic 


arfenic. 


bifmuth 


bifmuth. 


mercury 


mercury. 


antimony 


antimony. 


filver 


filver. 


gold 


gold. 


platina 


platina. 


Argil 


argil. 



* The above affinities were determined by MelTrs. de Marveau and Eloi 
Bourfier de Clervaux. Thefe combinations were entirely unknown till 
lately — A. 
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SECT. XXVIII. - 

Obfervations upon the Pyro-lignous Acid, and its 
Combinations, 



The old chemifts obferved that moft of the woods, 
efpecially the more heavy and compact ones, give out 
a particular acid fpirit, by diftillation in a naked fire ; 
but before Mr. Goetling, who gives an account of his 
experiments upon this fubject in Crell's Chemical Jour- 
nal for 1779, no one had ever made any enquiry into 
its nature and properties. This acid appears to be the 
fame, whatever be the wood it is procured from. 
When firft diftilled, it is of a brown colour, and con- 
fiderably impregnated with carbon and oil ; it is pu- 
rified from thefe by a fecond diftillation. The pyro- 
lignous radical is chiefly composed of hydrogen and 
carbon. 



SECT. XXIX. 

Obfervations upon Pyro-tartarous Acid, and its Combina- 
tions with the Salifiable Bafes.* 

The name of Pyro-tartarous Acid is given to a dilute 
empyreumatic acid obtained from purified acidulous 

* The order of affinity of the falifiable bafes with this acid is hitherto un- 
known. Mr. Lavoifier, from its fimilarity to pyro-lignous acid, fuppofcs the 
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tartarite of potafh, by diftillation in a naked fire. To 
obtain it, let a retort be half-filled with powdered tartar, 
adapt a tubulated recipient, having a bent tube com- 
municating with a bell-glafs in a pneumato-chemical 
apparatus ; by gradually raifmg the fire under the re- 
tort, we obtain the pyro-tartarous acid mixed with oil, 
which is feparated by means of a funnel. A vaft 
quantity of carbonic acid gas is difengaged during the 
diftillation. The acid obtained by the above procefs 
is much contaminated with oil, which ought to be fe- 
parated from it. Some authors advife to do this by a 
fecond diftillation ; but the Dijon academicians inform 
us, that this is attended with great danger, from ex- 
plofions which take place during the procefs. 

order to be the fame in both ; but, as this is not afcertained by experiment, the 
table is omitted. All thefc combinations, called Pyro lartaritcs, were unknown 
till lately.— T. : 
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TABLE 



Oi THE COMBINATIONS OF PYRO-ML'COl'S ACID WITH THE SAL- 
IFIABLE BASES, IV THE ORDER OF AFFINITY.* 



£ascs. 


Neutral Salts. 


Potafh 


Pyro-mucite.of potafh. 


Soda 


foda. 


Barytes 


barytes. 


Lime 


lime. 


Magnefia 


magnefia. 


Ammoniac 


ammoniac. 


Argil 


argil. 


Oxyd of zinc 


zinc. 


manganefe 


manganefe. 


iron 


iron. 


lead 


lead. 


tin 


tin. 


cobalt 


cobalt. 


copper 


copper. 


nickel 


nickel. 


arfenic 


arfenic. 


bifmuth 


bifmuth. 


antimony 


antimony. 



* AH thefe combinations were unknown to the old chemifts.— A. 
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SECT. XXX. 



Obfervations upon Pyro-mucoits Acid, and its Com- 
binations*. 



This acid is obtained by diftillation in a naked fire 
from fugar, and all the faccharine bodies ; and, as 
thefe fubftances fwell greatly in the fire, it is neceflary 
to leave feven-eights of the retort empty. It is of a yel- 
low colour, verging to red, and leaves a mark upon 
the fkin, which will not remove but along with the 
epidermis. It may be procured lefs coloured, by 
means of a fecond diftillation, and is concentrated by 
freezing, as is directed for the citric acid. It is chief- 
ly compofed of water and oil, ilightly oxygenated, and 
is convertible into oxalic and malic acids, by farther 
oxygenation with the nitric acid. 

It has been pretended that a large quantity of gas is 
difengaged during the diftillation of this acid, which is 
not the cafe if it be conducted flowly, by means of 
moderate heat. 



* We are told that this acid, and the pyro-lignous and pyro-tartarous acids, 
have lat< ly betn afcerraincd to be only the acetic acid difguifed by the admix- 
ture of empyreumatic oil. — T. 
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TABLE. 



©F THE COMBINATIONS OF THE OXALIC ACID WITH THE SAL- 
IFIABLE BASES, IN THE ORDER OF AFFINITY.* 



Bases. 


J\ r eutral Salts. 


Lime 


Oxalat of lime. 


Barytes 
Strontites 


barytes. 
ftrontites. 


Magnefia 
Potafh * 
Soda 


magnefia. 

potafh. 

foda. 


Ammoniac 


ammoniac. 


Argil 
Oxyd of zinc 


argil. 
zinc. 


iron 


iron. 


manganefe 
cobalt 


manganefe 
cobalt. 


nickel 


nickel. 


lead 


lead. 


copper 
bifmuth 


copper, 
bifmuth. 


antimony 
arfenic 


antimony, 
arfenic. 


mercury 
filver 
gold 
platina 


mercury, 
filver. 
gold, 
platina 



All unknown to the old chemifts.— A. 
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SECT. XXXI. 

Obfervations upon Oxalic Acid, and its Combinations. 

The oxalic acid is moftly prepared in Switzerland and 
Germany from the expreffed juice of forrel, from which 
it cryftallizes by being left long at reft ; in this ftate it 
is partly faturated with potafh, forming a true acidulous 
oxalat of potam, or fait with excefs of acid To ob- 
tain it pure, it muft be formed artificially by oxygen- 
ating fugar, which feems to be the true oxalic radical. 
Upon one part of fugar pour fix or eight parts of ni- 
tric acid, and apply a gentle heat ; a confiderable effer- 
vefcence takes place, and a great quantity of nitrous 
gas is difengaged ; the nitric acid is decompofed, and 
its oxygen unites to the fugar : by allowing the liquor 
to ftand at reft, cryftals of pure oxalic acid are formed, 
which muft be dried upon blotting paper, to feparate 
any remaining portions of nitric acid ; and, to infure 
the purity of the acid, diffolve the cryftals in diftilled 
water, and cryftallize them afrefh. 

From the liquor remaining after the firft cryftalliza- 
tion of the oxalic acid we may obtain malic acid by re- 
frigeration ; This acid is more oxygenated than the 
oxalic ; and, by a further oxygenation, the fugar is con- 
vertible into acetous acid, or vinegar. 

The oxalic acid, combined with a fmall quantity of 
foda or potafh, has the property, like tartarous acid, of 
entering into a number of combinations without fuffer- 
ing decompofition : Thefe combinations form triple 
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TABLE. 

Of the Combinations of Acetous Acids with the Salifiable Bafes in the order of Affinity. 



Bases. 



Neutral Salts. 



Mimes of the resulting Neutral Salts according to the Old Nomenclature. 



Barytes 
Potash 

Soda 

Lime 

Magnesia 

Ammoniac 

Oxyd of zinc 



Acetite of barytes 
potash 



Argil 



• manganese 

• iron 

• lead 

■ tin - 
cobalt 

■ copper 

nickel - 
arsenic 

bismuth 

mercury 

antimony ■ 

silver 

gold - 
platina 



- soda 

■ lime 

- magnesia 

- ammoniac 

- zinc 

-manganese 
. iron 

■ lead » 

■ tin 

• cobalt - 

■ copper 

. nickel - 

■ arsenic 

> bismuth 

mercury 

antimony 
silver - 

■ gold - 
platina 

i argil «* 



C Unknown to the old chemists. Discovered by Mr. dc Morveau, who 
\ calls it barotic acete. 

("Secret terra foliata tartari, of Muller. Arcanum tartari, of Basil Valcn- 
J tin and Paracelfus. Purgative magistery of tartar, of Schrceder. Es- 
1 sential salt of wine, of Zwelfer. Regenerated tartar of Tachenius: 
L Diuretic salt, of Sylvius and Wilson 

5 Foliated earth with base of mineral alkali. Mineral or crystallizable 
C foliated earth. Mineral acetous salt. 

I Salt of chalk, coral, Or crabs eyes ; mentioned by Hartman. . 
First mentioned by Mr. Wenzel. 
Spirituous Mindereri. Ammoniacal acetous salt. 
5 Known to Glauber, Schwedemberg, Respour, Pott, de Lasso'ue, and 
I Wenzel, but not named. 

I Unknown to the old chemists. 
Martial vinegar, Described by Monnet, Wenzel, and the Duke dAycn. 
Sugar, vinegar, and salt, of lead or of Saturn. 
C Known to Lemery, Margraff, Monnet, Weslcndorf, and Wenzel, but 
£ not named. 
J Sympathetic ink of Mr. Cadet. 

1C Verdegris, crystals of verditer, verditer, distilled verdigris, crystals of 
I Venus or of copper. 
Unknown to the old chemists. 
Arsenico-acetous fuming liquor, or liquid phosphorus of Mr. Cadet. 
C Sugar of bismuth of Mr. Geoffroi. Known to Gellert, Pott, Weslen- 
^ do''ff, Bergman, and de Morveau. 

r Mercurial foliated earth, Keysers famous antivenereal remedy. Men- 
J tioned by Gebaver in 1748; known to Helot, Margraff, Baume, 
[^ Bergman, and de Morveau. 
j Unknown. 

f Described by Margraff, Monnet, and W'enzel ; unknown to the old 
i chemists. 
J Little known, mentioned by Schroeder and Jucker. 

(Unknown. 
According to Mr. Wenzel, vinegar dissolves only a small portion of argil 
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falts, or neutral falts with double bafes, which ought to 
have proper names. The fait of forrel, which is pot- 
am having oxalic acid combined in excefs, is named 
acidulous oxalic of potafh, in our new nomenclature. 

The acid procured from forrel has been known to 
chemifts for more than a century, being mentioned by- 
Mr. Duclos in the Memoirs of the Academy for 1688, 
and was pretty accurately defcribed by Boerhaave ; but 
Mr. Scheele firft fhewed that it contained potafti, and 
demonftrated its identity with the acid formed by the 
oxygenation of fugar. 



SECT. XXXII. 

Obfsrvations upon Acetous Acid, and its Combinations. 

This acid is compofed of carbon and hydrogen unit- 
ed together, and brought to the (late of an acid by the 
addition of oxygen ; it is confequently formed of the 
fame elements with the tartarous, oxalic, citric, and 
malic acids, and others, but the elements exift in diffe- 
rent proportions in each of thefe ; and it would appear 
that the acetous acid is in a higher ftate of oxygenation 
than thefe other acids. I have fome reafon to believe, 
that the acetous radical contains a fmall portion of azot j 
and as this element is not contained in the radicals of 
any vegetable acid, except the tartarous, this circum- 
ftance is one of the caufes of difference. The acetous 
acid, or vinegar, is produced by expofing wine to a 
gentle heat, with the addition of fome ferment : This 

2 R 
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is ufually the ley, or mother, which has feparated from 
other vinegar during fermentation, or fome fimilar 
matter. The fpirituous part of the wine, which confifts 
of carbon and hydrogen, is oxygenated, and converted 
into vinegar : This operation can only take place with 
free accefs of air, and is always attended by a diminu- 
tion of the air employed, in confequence of the abforp- 
tion of oxygen ; wherefore it ought always to be car- 
ried on in veffels only half rilled with the vinous liquor * 
iubmitted to the acetous fermentation. 

The acid formed during this procefs is very volatile ; 
it is mixed with a large proportion of water, and with 
many foreign fubftances, and to obtain it pure it mull 
be diflilled, in (lone or glafs veffels, by a gentle fire. 
The acid which paffes over in diftillation is fomewhat 
changed by the procefs, and is not exactly of the fame 
nature with what remains in the alembic, but feems 
lefs oxygenated : This circumftance has not been for- 
merly obferved by chemifts. 

Diftillation is not fufficient for depriving this acid of 
all its unneceffary water; and, for this purpofe, the 
bed way is by expofing it to a degree of cold of from 
1 9 to 23 of Fahrenheit ; by this means the aqueous 
part becomes frozen, and leaves the acid in a liquid 
flate, and confiderably concentrated. In the ufual 
temperature of the air, this acid can only exift in the 
gafeous form, and can only be retained by combina- 
tion with a large proportion of water. There are other 
chemical proceffes for obtaining the acetous acid, 
which confift in oxygenating the tartarous, oxalic, or 
malic acids, by means of nitric acid ; but there is rea- 
fon to believe the proportions of the elements of the 
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radical are changed during this procefs. Mr. Haffen- 
fratz is at prefent engaged in repeating the experiments 
by which thefe converfions are faid to be produced. 

The combinations of acetous acid with the various 
falifiable bafes are very readily formed ; but mod of 
the refulting neutral falts are not cryftallizable, where- 
as thofe produced by the tartarous and oxalic acids are, 
in general, hardly foluble. Tartarite and oxalat of 
lime are not foluble in any fenfible degree : The ma- 
lats are a medium between the oxalats and acetites, 
with refped to folubility, and the malic acid is in the 
middle degree of faturation between the oxalic and 
acetous acids. With this, as with all the acids, the 
metals require to be oxydated previous to folution. 

The older chemifls knew hardly any of the falts 
formed by the combinations of acetous acid with the 
falifiable bafes, except the acetites of potafli, foda, 
ammoniac, copper, and lead. Mr. Cadet difcovered 
the acetite of arfenic*; Mr. Wenzel, and the Dijon 
academicians, Mr. de Laflbne and Mr. Prouft, made 
us acquainted with the properties of the other acetites. 
From the property which acetite of potafh pofTefTes, 
of giving out ammoniac in diftillation, there is fome 
reafon to fuppofe, that befides carbon and hydrogen, 
the acetous radical contains a fmall proportion of azot ; 
though it is not impoflible but the above production of 
ammoniac may be occafioned by the decompofition of 
the potafh. 

* Savans Etrangers, Vol. Ill 
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TABLE 

OF THE COMBINATIONS OF ACETIC ACID WITH THE SALIFI- 
ABLE BASES, IN THE ORDER OF AFFINITY. 



Bases. 


Neutral Salts. 


Barytes 


Acetat of barytes. 


Potafh 


potafh. 


Soda 


foda. 


Lime 


lime. 


Magnefia 


magnefia. 


Ammoniac 


ammoniac. 


Oxyd of zine 


zinc. 


manganefe 


manganefe. 


iron 


iron. 


lead 


lead. 


tin 


tin. 


cobalt 


cobalt. 


copper 


copper. 


nickel 


nickel. 


arfenic 


arfenic. 


bifmuth 


bifmuth. 


mercury 


mercury. 


antimony 


antimony. 


filver 


filver. 


gold 


gold. 


platina 


platina. 


Argil 


argil. 



Note.— All thefe falts were unknown to the older chemifts ; and even thofe, 
who ire nv<lt verfar.t in modern difcoveries, are yet at a Iofs whether the 
greater part of the falts produced by the oxygei.ated acetic radical belong pro- 
perly to the clafs of acetites, or to that of acetats.— A. 
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SECT. XXXIII. 

Observations upon Acetic Acid, and its Combinations. 

We have given to radical vinegar the name of acetic- 
acid, from fuppofing that it confifls of the fame radical 
with that of the acetous acid, but more highly faturat- 
ed with oxygen. According to this idea, acetic acid 
is the higheft degree of oxygenation of which the hy- 
dro-carbonous radical is fufceptible ; but although this 
circumftance be extremely probable, it requires to be 
confirmed by farther and more decifive experiments, 
before it be adopted as an abfolute chemical truth. 
We procure this acid as follows : Upon, three parts 
acetite of potafh or of copper, pour one part of con- 
centrated fulphuric acid, and, by diftillation, a very 
highly concentrated vinegar is obtained, which we call 
acetic acid, formerly named radical vinegar. It is not 
hitherto rigoroufly proved that this acid is more 
highly oxygenated than the acetous acid, nor that the 
difference between them may not confift in a different 
proportion between the elements of the radical or 
bafe. 



§ 
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TABLE 



»F THE COMBINATIONS OF SUCCINIC ACID WITH THE SALIFI- 
ABLE BASES, IN THE ORDER OF AFFINITY. 



Bases. 


Neutral Salts. 


Barytes 
Lime 


Succinat of barytes. 
lime. 


Potafh 
Soda 


potafh. 
foda. 


Ammoniac 


ammoniac. 


Magnefia 

Argil 

Oxyd of zinc 


magnefia. 

argil. 

zinc. 


iron 


iron. 


manganefe 
cobalt 


manganefe, 
cobalt. 


nickel 


nickel. 


lead 


lead. 


tin 


tin. 


copper 
bifmuth 


copper, 
bifmuth. 


antimony, 
arfenic 


antimony, 
arfenic. 


mercury 
filver 


mercury, 
filver. 


gold 
platina 


gold, 
platina. 



Note.— All thefuccinats were unknown to the older chemifts.— A. 
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SECT. XXXIV. 

Obfervations upon Succinic Acid, and its Combinations. 

The fuccinic acid is drawn from amber by fublima- 
tion in a gentle heat, and rifes in a concrete form 
into the neck of the fubliming veffel. The operation 
muft not be pufhed too far, or by too ftrong a fire, 
otherwife the oil of the amber rifes along with the acid. 
The fait is dried up on blotting paper, and purified by 
repeated folution and cryftallization. 

The acid is foluble in twenty-four times its weight of 
cold water, and in a much fmaller quantity of hot 
water. It poffeffes the qualities of an acid in a very 
fmall degree, and only affects the blue vegetable co- 
lours very (lightly. The affinities of this acid, with 
the falifiable bafes, are taken from Mr. de Morveau, 
who is the firfl chemifl that has endeavoured to afcer- 
tain them. 

SECT. XXXV. 

Obfervations upon Benzoic Acid, and its Combinations 
with Salifiable Bafes*. 

This acid was known to the ancient chemifts under 
the name of the Flowers of Benjamin, or of Benzoin, 

• Thefe combinations are called Benzoats of Lime, Potafh, Zinc, &c; but, 
as the order of affinity is unknown, the alphabetical table is omitted, as unne- 
cefiary.— T. 
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and was procured by fublimation, from the gum or 
refin called Benzoin : The means of procuring it, via 
huwidd, was difcovered by Mr. Geoffry, and perfected 
by Mr. Scheele. Upon benzoin, reduced to powder, 
pour ftrong lime-water, having rather an excefs of 
lime ; keep the mixture continually ftirring, and after 
half an hour's digeftion, pour off the liquor, and ufe 
frefh portions of lime-water in the fame manner, fo 
long as there is any appearance of neutralization. Join 
all the decanted liquors, and evaporate as far as poffi- 
ble, without occafioning cryftallization, and, when the 
liquor is cold, drop in muriatic acid till no more pre- 
cipitate is formed. By the former part of the procefs 
a benzoat of lime is formed, and, by the latter, the 
muriatic acid combines with the lime, forming muriat 
of lime, which remains diffolved, while the benzoic 
acid., being infoluble, precipitates in a concrete form. 



SECT. XXXVI. 

Obfervations upon Camphoric Acid, and its Combinations 
with Salifiable Bafes*. 

Camphor is a concrete effential oil, obtained, by 
fublimation, from a fpecies of laurus which grows in 
China and Japan. By diftilling nitric acid eight times 
from Camphor. Mr. Kofegarten converted it into 
an acid analogous to the oxalic ; but, as it differs 

* Thefc combinations, which were a.11 unknown to the old chcmifts, arc call- 
ed Camphorats. The table is omitted as being only in alphabetical order. — T. 
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from that acid in fome circumftances, we have 
thought necefiary to give it a particular name, till its 
nature be more completely afcertained by farther ex- 
periment. 

As camphor is a carbono-hydrous or hydro-carbo- 
nous radical, it is eafily conceived, that, by oxygena- 
tion, it mould form oxalic, malic, and feveral other 
vegetable acids : This conjecture is rendered not im- 
probable by the experiments of Mr. Kofengarten ; and 
the principal phenomena exhibited in the combinations 
of camphoric acid with the falifiable bafes, being very 
fimilar to thofe of the oxalic and malic acids, lead me 
to believe that it confifts of a mixture of thefe two 
acids. 



SECT. XXXVII. 

Obfervations upon Gallic Acid and its Combinations with 
Salifiable Bafes*. 

The Gallic acid f, formerly called the Principle of 
Aftringency, is obtained from gall-nuts, either by in- 
fufion or decoction with water, or by diftillation with 
a very gentle heat. This acid has only been attended 



* Thefc combinations, which are called Gallats, were all unknown to the 
older chemiits ; and the order of their affinity is not hitherto eilablifhed.— A. 

f Till lately, the gallic acid was confounded with the tanin, or principle of 
aftringency, with which it is contaminated or mixed. Thefe can be fi-parated, 
and poflefs very diltinct pioperties. For an account of tanin, and the method 
of procuring pure gallic acid, fee Part 1, Chap XI, § 1, 14. 

2 S 
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to within thefe few years. The committee of the Di- 
jon Academy have followed it through all its combi- 
nations, and give the bed account of it hitherto pro- 
duced. Its acid properties are very weak ; it reddens 
the tincture of turnfol, decompofes fulphurets, and 
unites to all the metals, when they have been previ- 
oufly diflblved in fome other acid. Iron, by this com- 
bination, is precipitated of a very deep blue or violet 
colour. The radical of this acid, if it deferves the 
name of one, is hitherto entirely unknown ; it is con- 
tained in oak, willow, marfh iris, the ftrawberry, nym. 
phaea, Peruvian bark, the flowers and bark of pome- 
granate, and in many other woods and barks. 



SECT. XXXVIII. 

Qbfervations upon Laclic Acid, and its Combinations with 
Salifiable Bafes*. 

The only accurate knowledge we have of this acid 
is from the works of Mr. Scheele. It is contained in 
whey, united to a fmall quantity of earth, and is ob- 
tained as follows : Reduce whey to one-eight part of 
its bulk by evaporation, and filtrate, to feparate all its 
cheefy matter ; then add as much lime as is neceflary 
to combine with the acid ; the lime is afterwards dif- 
engaged by the addition of oxalic acid, which com- 
bines with it into an infoluble neutral fait. When the 

* Thefe combinations are called Lactats ; they were all unknown to the 
ojder cheraifts, and their affinities hare not yet been afcertained. — A. 
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oxalat of lime has been feparated by decantation, eva- 
porate the remaining liquor to the confidence of ho- 
ney ; the la&ic acid is diflblved by alcohol, which does 
not unite with the fugar of milk and other foreign 
matters ; thefe are feparated by filtration from the al- 
cohol and acid ; and the alcohol being evaporated or 
diftilled off, leaves the la&ic acid behind. 

This acid unites with all the falifiable bafes, forming 
falts which do not cryftallize ; and it feems confidera- 
bly to refemble the acetou« acid. 
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TABLE 



OF THE COMBINATIONS OF SACCHO-LACTIC ACID WITH TH1 
IFIABLE BASES, IN THE ORDER OF AFFINITY. 



Bases. 


J\\ utral Salts. 


Lime 




Saccholat of lime. 


Barytes 
Magnefia 
Potafh 
Soda 


barytes. 
magnefia. 
potafh. 
foda. 


Ammoniac 


ammoniac. 


Argil 

Oxyd of zinc 

manganefe. 


argil, 
zinc, 
manganefe. 




iron 


iron. 




lead 


lead. 




tin 


tin. 




cobalt 


cobalt. 




copper 
nickel 


copper, 
nickel. 




arfenic 


arfenic. 




bifmuth 


bifmuth. 




mercury 


mercury. 




antimony 
filver t 


antimony, 
filver. 



N*te>— All tkcfe were unknown to the older chexnift*.— A. 
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SECT. XXXIX. 



Obfervations upon Saccho-laclic Acid, and its Com- 
binations. 



A fpecies of fugar may be extra&ed, by evapora- 
tion, from whey ; this fubftance has long been known 
in pharmacy, and has a confiderable refembiance to 
that procured from the fugar-cane. This faccharine 
matter, like ordinary fugar, may be oxygenated by 
means of nitric acid : For this purpofe, feveral por- 
tions of nitric acid are diflilled from it ; the remaining 
liquid is evaporated, and fet to cryflallize, by which 
means cryflals of oxalic acid are procured ; at the 
fame time, a very fine white powder precipitates, which 
is the faccho-Iactic acid difcovered by Scheele. It is 
fufceptible of combining with all the alkalies, with the 
earths, and even with the metals : Its action upon the 
latter is hitherto but little known, except that, with 
them, it forms difficultly foluble falts. The order of 
affinity in the table is taken from Bergman. 
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TABLE 



OF THE COMBINATIONS OF FORMIC ACID WITH THE SALIFIA- 
BLE BASES, IN THE ORDER OF AFFINITY. 



Hascs 




Neutral Salts. 


Barytes 




Formiat of barytes. 


Potafh 




potalh. 


Soda 




foda. 


Lime 




lime. 


Magnefia 


magnefia. 


Ammoniac 


ammoniac. 


Oxyd of 


zinc 


zinc. 




manganefe 


manganefe, 




iron 


iron. 




lead 


lead. 




tin 


tin. 




cobalt 


cobalt. 




copper 


copper. 




nickel 


nickel. 




bifmuth 


bifmuth. 


Argil 


filver 


filver. 
argil. 



Kate— All unknown to the older chemifts.— A. 
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SECT. XL. 

Obfervations upon Formic Acid, and its Combinations. 

This acid was firft obtained by diflillation from ants, 
in the lafl century, by Samuel Fifher. The fubjecl: 
was treated of by MargrafF in 1749, and by Mefirs. 
Ardwiflan and Ochrn of Leipfic in 1777. The for- 
mic acid is extracted from a large fpecies of red 
ants, formica rufa, Lin. which form large ant hills in 
woody places. It is procured, either by diftilling the 
ants with a gentle heat in a glafs retort or an alembic ; 
or, after having warned the ants in cold water, and 
dried them upon a cloth, by pouring on boiling water, 
which diflblves the acid ; or the acid may be procured 
by gentle expreflion from the infects, in which cafe it 
is ftronger than in any of the former ways. To obtain 
it pure, we muft rectify, by means of diflillation, 
which feparates it from the uncombined oily and charry 
matter ; and it may be concentrated by freezing, in 
the manner recommended for treating the acetous acid. 
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SECT. XLI. 

Obfervations upon Bombic Acid, and its Combinations 
with Acidifiable Bafes* 

The juices of the filk-worm feem to aflame an acid 
quality when that infect changes from the larva to the 
chryfalis ftate. At the moment of its efcape from the 
latter to the butterfly form, it emits a reddifh liquor, 
which reddens blue paper, and which was firfh atten- 
tively obferved by Mr. Chauflier of the Dijon Acade- 
my : He obtained the acid by infufing filk-worm chry- 
falids in alcohol, which diflblves their acid without be- 
ing charged with any of the gummy parts of the in- 
fect. ; and, by evaporating the alcohol, the acid re- 
mains tolerably pure. The properties and affinities of 
this acid are not hitherto afcertained with any precifion; 
and we have reafon to believe., that analogous acids 
may be procured from other infects. The radical of 
this acid is probably, like that of the other acids from 
the animal kingdom, compofed of carbon, hydrogen, 
and azot, with the addition, perhaps, of phofphorus. 



* Thcfe combinations, named Bombats, were unknown to the old chemifts ; 
and the affinities of the falifiable bafes with the bombic acid are hitherto unde- 
termined — A. 
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TABLE. 



OF THE COMBINATIONS OF THE SEBACIC ACID WITH THE SAL« 
IFIABLE BASES, IN THE ORDER OF AFFINITY. 



-uaset. 

Barytes 

Potafh 

Soda 


Neutral Salts. 

Sebat of barytes. 
potafh. 
foda. 


Lime 




lime. 


Magnefia 
Ammoniac 


magnefia. 
ammoniac. 


Argil 
Oxyd of zinc 


argil, 
zinc. 




manganefe 


manganefe, 




iron 


iron. 




lead 


lead. 




tin 


tin. 




cobalt 


cobalt. 




copper 
nickel 


copper, 
nickel. 




arfenic 


arfenic. 




bifmuth 


bifmuth. 




mercury 


mercury. 




antimony 
filver 


antimony, 
filver. 



Not*.— All thefc were unknown to the old chemifts.— A, 
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SECT. XLII. 

Obfervations upon Sebacic Acid, and its Combinations* 

To obtain the febacic acid, let fome fuet be melted 
in a fkillet over the fire, along with fome quick-lime 
in fine powder, and conflantly ftirred, raifing the fire 
towards the end of the operation, and taking care to 
avoid the vapours, which are very offenfive. By this 
procefs the febacic unites with the lime into a febat of 
lime, which is difficultly foluble in water ; it is, how- 
ever, feparated from the fatty matters with which it is 
mixed by folution in a large quantity of boiling water. 
From this the neutral fait is feparated by evaporation ; 
and, to render it pure, is calcined, re-diffolved, and 
again cryftallized. After this we pour on a propel 
quantity of fulphuric acid, and the febacic acid paffes 
over by diftillation. 

SECT. XLIII. 

Obfervations upon the Lithic Acid, and its Combinations 
with the Salifiable Bafes*. 

From the later experiments of Bergman and Scheele, 
the urinary calculus appears to be a fpecies of fait 

* All the com! inations of this acid, fliould it finally turn our to he one, were 
unknon n to the oider chemifts and its affinities with the falifiable bafes have 
not been hitherto determined.— A. 
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with an earthy bafis ; it is flightly acidulous, and re- 
quires a large quantity of water for folution, three 
grains being fcarcely foluble in a thoufand parts of 
boiling water, and the greater part again cryftallizes 
when cold. To this concrete acid, which Mr. De 
Morveau calls the Lithiafic, we give the name of Li- 
thic Acid, the nature and properties of which are hi- 
therto very little known. There is fome appearance 
that it is an acidulous neutral fait, or acid combined in 
excefs with a faliflable bafe ; and I have reafon to 
believe that it really is an acidulous phofphat of lime ; 
if fo, it mult be excluded from the clafs of peculiar 
acids. 
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TABLE 



OF THE COMBINATIONS OF THE PRUSSIC ACID WITH THE SAL- 
IFIABLE BASES, IN THE ORDER OF AFFINITY.* 



Bases. 


Neutral Salts. 


Potafh 
Soda 


Pruffiat of potafh. 
foda. 


Ammoniac 


ammoniac. 


Lime 


lime. 


Barytes 
Magnefia 
Oxyd of zinc 


barytes. 

magnefia. 

zinc. 


iron 


iron. 


manganefe 
cobalt 


manganefe. 
cobalt. 


nickel 


nickel. 


lead 


lead. 


tin 


tin. 


copper 
bifmuth 


copper, 
bifmuth. 


' antimony 
arfenic 


antimony, 
arfenic. 


filver 


filver. 


mercury 

gold 

platina 


mercury. 

gold. 

platina. 



* All taefc were unknown to the former chemiftg.— A. 
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SECT. XLIV. 

Obfervations upon the PmJJic Acid, and its Combinations. 



As the experiments which have been made hitherto 
upon this acid feem {till to leave a considerable degree 
of uncertainty with regard to its nature, I /hall not en- 
large upon its properties, and the means of procuring- 
it pure and difengaged from combination. It combines 
with iron, to which it communicates a blue colour, 
and is equally fufceptible of entering into combination 
with moft of the other metals, which are precipitated 
from it by the fixed alkalies, ammoniac, and lime, in 
confequence of greater affinity. The pruflic radical, 
from the experiments of Scheele, and efpecially from 
thofe of Berthollet, feems compofed of carbon and 
azot ; hence it is an acid with a double bafe. The 
phofphorus, which has been found combined with it, 
appears, from the experiments of Mr. Haffenfratz, to 
be only accidental. 

Although this acid combines with alkalies, earths, 
and metals, in the fame way with other acids, it pof- 
feffes only fome of the properties we have been in ufe 
to attribute to acids, and it may confequently be im- 
properly ranked here in the clafs of acids ; but, as I 
have already obferved, it is difficult to form a decided 
opinion upon the nature of this fubflance, until the 
fubjecl has been farther elucidated by a greater num- 
ber of experiments. 
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SECT. XLV. 

Obfervations on Chromic Acid, and its Combinations 
with Salifiable Bafcs. 

" Chromum* is a peculiar metal, which has lately 
been difcovered in the ftate of an acid, combined with 
lead, and with iron. It likewife is found in the ftate 
of an oxyd, in the emerald, which owes its colour to 
the prefence of this metal. The name which Vau- 
quelin, its difcoverer, has chofen to diftinguifh it by, 
may be tranflated the Colouring Metal, from its re- 
markable property of communicating fplendid colours 
to all or moft of the compounds into which it enters, 
either in the acid, oxyd, or metallic ftates. 

" The chromic acid is of a fine ruby red colour, 
and moots into prifmatic cryftals, which are foluble in 
water. It combines with all the alkalies, forming 
cryflallizable falts of a fine golden yellow colour; and 
unites with lead and iron ; with the former, into beau- 
tiful ruby red cryftals. It is decompofible by means of 
the blowpipe along with phofphoric acid, or borat of 
foda, into a green oxyd, which fufes with either of thefe. 
fubftances into emeraldine vitreous globules. It is de- 
compofed into a green oxyd by muriatic acid, which 
it oxygenates ; and likewife by means of the blowpipe, 
in contact with charcoal ; and is reducible to the me- 
tallic ftate, by bedding it in charcoal-powder, and 
making it undergo a ftrong heat. 

• This Section is added t» the preftnt edition by the Tranflator.— T. 
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*' The order of its affinities are not yet afcertained ; 
but its combinations with falifiable bafes, may be de- 
nominated as follows : 



Banes. 


Neutral & 


Potato 


Chromat of potafh 


Soda 


foda. 


Ammoniac 


ammoniac 


Lead 


lead*. 


Iron, &c. 


iron, &c. 



" Only thefe mentioned above are hitherto known. 
The circumftances, as yet publifhed, refpe&ing its (late 
of oxyd, and its reguline or metallic Mate, are enume- 
rated in Part I, Chap. XVI, Sett. VI." 



SECT. XLVI. 

Qbfcrvations on Zoonic Acid\. 

" Berthollet, in analyzing animal fubflances by de- 
itru&ive diftillation, has lately difcovered a peculiar 
acid, to which he gives the name of Zoonic. In the 
fluid, which diflils during the above procefs, it is 
found combined with ammonia, from which it is de- 

* " This fubftancc has long been known, under the name of Red kad ore of 
Siberia. It is extremely beautiful; of a brilliant red colour, and in (mall 
cryftals on the furface of thin cakes, of what may be termed amorphous chro- 
mat of lead." — T. 

f The whole of this Section is added by the Tranflator to the prel'ent edi- 
tion.— T. 
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tached, by adding lime. From this combination, it is 
fcparated by phofphoric acid, which unites with the 
lime, and the zoonic acid comes over in diflillation. 
This acid may likewife be obtained by a fimilar pro- 
cefs, from the gluten of wheat, and the yeaft of beer. 
It has a peculiar fmell and ftyptic tafte ; reddens blue 
vegetable colours ; caufes effervefcence with alkaline 
carbonats, and confequently has greater affinity with 
the alkalies than the carbonic acid. Its combinations 
may be named as under : 

Bases. Neutral Salts.. 

Potaih Zoonat of Potafh. 

Soda Soda 

Ammoniac, &c. Ammoniac, &c. 



SECT. XLVII. 

Obfervations on Suberic Acid*. 

" This acid is procured from cork, by means of dif- 
tilling nitric acid from that fubftance, and probably 
might be obtained by a fimilar proeefs from other ve- 
getable matters. The refiduum, after the diflillation, 
and confequent decompofition of the nitric acid, is ex- 
pofed to moderate heat, until pungent fuffocating 
vapours begin to arife. Twice its weight of water is 
then added to the refiduum, and the heat continued ; 
and, when cold, the folution of fuberic acid is feparated 

* This Se&ion w.added to the prefent edition by the Tranflator.— T. 
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from the infoluble refiduum by filtration. It may 
then be obtained folid, by evaporation ; is volatile, or 
capable of being fublimed, by heat ; has a bitter acrid 
tafte ; is foluble in water, and combines with the alka- 
lies, earths, and fome of the metals. Its order of affi- 
nities are not yet afcertained ; but its combinations, 
with the falifiable bafes, may be named Suberats." 
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SECT. XLVIII. 



Recapitulation of the foregoing Obfervations on the Acids, 
and their Combinations* '. 



" It was thought, that it might be conducive to the 
convenience and information of the reader, to fubjoin 
the two following Tables. The firft, which is only a 
recapitulation of what is contained in the foregoing 
fections, gives a general view of the order of affinities, 
of the falifiable bafes with the feveral acids, fo far as is 
hitherto known. Such acids as have a fimilar order 
of affinity with thefe bafes, are placed together, at the 
head of the fame column, and thofe of which the order 
of affinity, between them and the bafes, have not been 
hitherto afcertained, are omitted. 

" The fecond table contains a fpecimen of a ge- 
neral view of the new chemical nomenclature, as ap- 
plied to the neutral falts, both in Latin and Englifh. 
The firft column contains the names of the feveral 
acids ; the fecond is a lift of the Latin terms for the 
neutral falts which thefe produce by union with the 
falifiable bafes, as propofed in the new French chemical 
nomenclature ; the third is a fyftematic tranflation of 
thefe terms into Englifh, on exactly analogous princi- 
ples : The fourth contains another fyftem of Latin no- 
menclature, founded on that of the French chemifts, 
but following rather the plan of Bergman; as already 

* The whole of this fecTion was added to the fecend edition by the Tratif- 
lator.— T. 
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noticed in fome notes ; the fifth and lafl column is an 
analogous Englifh tranilation of thefe terms. 

" In the former of thefe tables, the nomenclature 
recommended by Dr. Black, as already mentioned in 
fome former notes, is adopted for the alkaline and ear- 
thy falifiable bafes ; in the latter, the nomenclature 
ufed by the French chemifts for thefe fubftances, is 
retained in the fecond and third fections, but the pro- 
pofed alteration is introduced in the fourth and fifth, 
together with a fimilar alteration, likewife formerly 
mentioned in fome notes, for giving names to the me- 
tallic oxyds, to diflinguifh thefe from the reguline or 
perfectly fnnple ftate, analogous to alkalies. To 
tranflate this lafl idea of nomenclature into Englifh, 
required fuch a violent change, that the ufual names 
of the metals in Englifh are retained ; that, however, 
can induce no ambiguity, as it muft be generally un- 
derflood that no metal can enter into combination with 
an acid, unlefs it be previoufly oxydated." 
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TABLE OF THE ACIDS, IN THE ORDER OF 
AFFINITY. 



I. 


II. 


III. 


IV. 


Nitrous, Nitric, 








Sulphurous, 


Acetous, Ace- 




Nitro-muriatic 


Sulphuric,Mu- 


tic, and For- 


Boracic Acid. 


Acid. 


riatic, and Se- 


mic Acids. 






bacic Acid. 








Baryta. 


Baryta. 


Calca. 


Arga. 


Lixa. 


Lixa. 


Baryta. 


Ammona. 


Trona. 


Trona. 


Magnesia. 


Oxyds of 


Calca. 


Calca. 


Lixa. 


Antimony. 


Magnesia. 


Magnesia. 


Trona. 


Silver. 


Ammona. 


Ammona. 


Ammona. 


Arsenic. 


Arga. 


Oxyds of 


Oxyds of , 


Baryta. 


Oxyds of 


Zinc. 


Zinc. 


Oxyd of 


Zinc. 


Manganese. 


Iron. 


Bismuth. 


Iron. 


Iron. 


Lead. 


Calca. 


Manganese. 


Lead. 


Tin. 


Oxyds of 


Cobalt. 


Tin. 


Cobalt. 


Cobalt. 


Nickel. 


Cobalt. 


Copper. 


Copper. 


Lead. 


Copper. 


Nickel. 


Tin. 


Tin. 


Nickel. 


Mercury. 


Iron. 


Copper. 


Arsenic. 


Arga. 


Magnesia. 


Bismuth. 


Bismuth. 




Oxyds of 


Antimony. 


Mercury. 




Manganese. 


Arsenic. 


Antimony. 




Mercury. 


Mercury. 


Silver. 




Molybdena. 


Silver. 


Gold. 




Nickel. 


Gold. 


Platina. 




Gold. 


Platina. 


Arga. 




Platina. 

Lead. 
Lixa. 
Trona. 
>xyds of 

Tungstcin. 

Zinc. 
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V. 


VI. 


VII. 


Phosphorous, Phos- 






phoric, Tungstic 






Tartarous, Oxalic, 


Carbonic Acid. 


Murioxic Acid. 


and Saccho-lactic 






Acids. 






Calca. 


Baryta. 


Baryta. 


Baryta. 


Calca. 


Lixa. 


Magnesia. 


Lixa. 


Trona. 


Lixa. 


Trona. 


3alca. 


Trona. 


Magnesia. 


Magnesia. 


Ammona. lAmmona. 


Arga. 


Arga. Arga. 




Oxyds as in Col. I. 'Oxyds as in Col. I. 


lOxyds as in Col. I. 


VIII. 


IX. 


X. 


Fluoric and Arseniac 


Citric Acid. 


Pyro-lignous Acid. 


Acids. 






Calca. 


Baryta. 


Calca. 


Baryta. 


Calca. 


Baryta. 


Magnesia. 


Magnesia. 


Lixa. 


Lixa. 


Lixa. 


Trona. 


Trona. 


Trona. 


Magnesia. 


Ammona. 


Ammona. 


Ammona. 


Oxyds as in Col. II. 


Oxyds as in Col.II, 


Oxyds as in Col II. 


Arga. 


omitting Tin, Nickel, 


Arga. 


|md Bismuth. 




|Arga. 




XI. 


XII. 


XIII. 


Pyro-mucous Arid. 


Succinic Acid. 


Prussic Acid. 


Lixa. 


Baryta. 


Lixa. 


Trona. 


Calca. 


Trona. 


Baryta. 


Lixa. 


Ammona. 


Calca. 


Trona. 


Calca. 


Magnesia. 


Ammona. 


Baryta. 


Ammona. 


Magnesia. 


Magnesia. 


Arga. 


Arga. 


Oxyds as in Col. I. 


Oxyds as in Col. II, 


Oxyds as in Col. I. 


placing Silver before 


omitting Silver, Gold, 




Mercury. 


and Platina. 
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TABLE OF THE NOMENCLATURE 



Sulphurous. 



Sulphuric. 



Phosphorous. 

Phosphoric. 

Nitrous. 

Nitric. 

Oxygenated 
Nitric. 

Muriatic. 

Oxygenated 
Muriatic. 

Boracic. 

Acetous. 

Acetic, &c. 



LAVOISIER. 



Sulphis potassa;. 
soda 



ammonias 



Sulphas calcis 
— — ■ magnesia 

baryta; 

— arcillae 



Phosphis potassa; 
Phosphas soda; 
Nitns ammonia; 
Nitras argenti 
■—■ . auri oxygenata 



Sulphite of potash 
■ of soda 
of ammoniac 



Sulphat of lime 
of magnesia 

■ ofbarytes 

■ of argil 



Murias mercurii 

potassa; oxygenata 



Boras sodas 
Acetis ammonia; 
Acetas cupri, &c. 



Phosphite of potash 

Phosphat of soda 

Nitrite of ammoniac 

Nitrat of silver 

Oxygenated nitrat of 
gold 

Muriat of mercury 

Oxygenated muriat of 
potash 

Borat of soda 

Acetite of ammoniac 

Acetat of copper, &c. 
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OF THE NEUTRAL SALTS. 



PROPOSED ALTERATION. 


LATIN. 


ENGLISH. 


Lixa sulphurosa 


Sulphurous lixa 


Trona sulphurosa 


tror i 




Ammona sulphurosa 






Galea sulphurica 


Sulphuric calca 


Magnesia sulphurica 






Baryta sulphurica 






Arga sulphurica 




<ugd 


Lixa phosphorosa 


Phosphorous lixa 


Trona phosphorica 


Phosphoric trona 


Ammona nitrosa 


Nitrous ammona 


Argenta nitrica 


Nitric silver 


Aura nitroxica 


Nitroxic gold 


Mercuria muriatica 


Muriatic Mercury 


Lixa murioxica 


Murioxic lixa 


Trona boracica 


Boracic trona 


Ammona acetosa. 


Acetous ammona 


Cupra acetica, &c. 


Acetic copper, 8cc. 
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PART III. 

Defcription of the Inftruments and Operations of 
Chemiftry. 



INTRODUCTION. 

IN the two former parts of this work, I defignedly 
avoided being particular in defcribing the manual ope- 
rations of chemiftry ; becaufe I had found from ex- 
perience, that in a work appropriated to reafoning, 
minute defcriptions of procefTes and of plates interrupt 
the chain of ideas, and render the neceflary attention 
both difficult and tedious to the reader. On the other 
hand, if I had confined myfelf to the fummary defcrip- 
tions hitherto given, beginners could have only acquir- 
ed very vague conceptions of practical chemiftry from 
my work, and muft have wanted both confidence and 
intereft in operations they could neither repeat nor 
thoroughly comprehend. This want could not have 
been fupplied from books ; for, befides that there are 

2 W 
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not any which defcribe the modern inftruments and 
experiments fufficiently at large, any work that could 
have been confulted would have prefented thefe things 
under a very different order of arrangement, and in a 
different chemical language, which mufl greatly tend 
to injure the main object of my performance. 

Influenced by thefe motives, I determined to rcferve, 
for a third part of my work, a fummary defcription of 
all the inftruments and manipulations relative to ele- 
mentary chemiftry. I confider it as better placed at 
the end than at the beginning of the book ; becaufe, 
otherwife, I muft have been obliged to fuppofe the 
reader converfant with circumftances which a begin- 
ner cannot know, and to become acquainted with 
which he mufl have previoufly read the elementary 
part. The whole of this third part may, therefore, be 
confidered as refembling the explanations of plates, 
which are ufually placed at the end of academic me- 
moirs, that they may not interrupt the connection of 
the text, by lengthened defcription. 

Though I have taken great pains to render this part 
clear and methodical, and have not omitted any effen- 
tial inflrument or apparatus, I am far from pretending 
by it to fet afide the neceffity of attendance upon lec- 
tures and laboratories, for fuch as wifh to acquire ac- 
curate knowledge of the fcience of chemiftry. Thefe 
mould fimilarize themfelves to the employment of ap- 
paratus, and to the performance of experiments by 
actual experience. Nihil eft in intelleclu quod non prim 
fuerit infenfu, the motto which the celebrated Rouelle 
caufed to be painted in large characters on a confpi- 
cuous part of his laboratory, is an important truth 
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never to be loft fight of either by teachers or ftudents 
of cheniiftry. 

Chemical operations may be naturally divided into 
feveral "clafles, according to the purpofes they are in- 
tended for performing. Some may be confidered as 
purely mechanical, fuch as the determination of the 
weight and bulk of bodies, trituration, levigation, 
fearching or fifting, warning, filtration, &c. Others 
may be confidered as real chemical operations, be- 
caufe they are performed by means of chemical pow- 
ers and agents ; fuch are folution, fufion, &c. Some 
of thefe are intended for feparating the elements of 
bodies from each other, fome for reuniting thefe ele- 
ments together, and fome, as combuftion, produce 
both thefe effects during the fome procefs. 

Without rigoroufly endeavouring to follow the 
above method, I mean to give a detail of the chemical 
operations in fuch order of arrangement as feems beff. 
calculated for conveying inftru&ion. I mall be more 
particular in defcribing the apparatus connected with 
modern chemiflry, becaufe thefe are hitherto little 
known by men who have devoted much of their time 
to chemiflry, and even by many profeffors of the fci- 
ence. 
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CHAPTER I. 



Of the Infiruments neceffary for determining the Abfolute 
and Specific Gravities of Solid and Liquid Bodies. 

THE beft method hitherto known for determining 
the quantities of fubftances fubmitted to chemical ex- 
periment, or refulting from them, is by means of ac- 
curately conftru&ed beams and fcales, with properly 
regulated weights ; which well-known operation is 
called weighing. The denomination and quantity of 
the weight ufed as an unit or ftandard for this purpofe 
are extremely arbitrary, and vary, not only in differ- 
ent kingdoms, but even in different provinces of the 
fame kingdom, and in different cities of the fame pro- 
vince. This variation is of infinite confequence to be 
well underftood in commerce and in the arts ; but, in 
chemiftry, it is of no moment what particular denomi- 
nation of weight be employed, provided the refults of 
experiments be expreffed in convenient fractions of the 
fame denomination. For this purpofe, until all the 
weights ufed in fociety be reduced to the fame ftand- 
ard, it will be fufficient for chemifts, in different parts, 
to ufe the common pound of their own country, as the 
unit or ftandard, and to exprefs all its fractional parts 
in decimals, inftead of the arbitrary divifions now in 
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ufe. By this method the chemifts of all countries will 
be thoroughly underftood by each other ; as, although 
the abfolute weights of the ingredients and produces can- 
not be known, they will readily, and without calcula- 
tion, be able to determine the relative proportions of 
thefe to each other with the utmoft accuracy ; fo that 
in this way we fhall be pofiefied of an univerfal lan- 
guage for this part of chemiftry 

With this view I have long projected to have the 
pound divided into decimal fractions, and I have of 
late fucceeded, through the affiftance of Mr. Fourche, 
balance-maker at Paris, who has executed it for me 
with great accuracy and judgment. I recommend to 
all who carry on experiments to procure fimilar divi- 
fions of the pound, which they will find both eafy and 
fimple in its application, with a very fmall knowledge 
of decimal fractions*. 

As the ufefulnefs and accuracy of chemiftry depend 
entirely upon the determination of the weights of the 
ingredients and products, both before and after expe- 
riments, too much precifion cannot be employed in 
this part of thefubject ; and, for this purpofe, we muft 
be provided with good instruments. As we are often 
obliged, in chemical proceffes, to afcertain, within a 
grain or lefs, the tare or weight of large and heavy 

• Mr. Lavoifier gives, in this part of his work, very accurate directions for 
reducing the common fubdivifions of the French pound into decimal fractions, 
and -vice verfa, by means of tables, fubjoined >to this 3d part. As thefe inftruc- 
tions, and the table, would be ufelefs to the Britifh chtmift, from the difference 
between the fubdivifions of the French and Troy pounds, I have omitted them, 
but have fubjoined in the appendix accurate rules for convening the one deno- 
mination into the other, together with tables for reducing the various divifions 
of our Troy pound into decimals, and for converting the decimals into the 
ordinary divifions •— T. , 
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inftmments, we mud have beams made with peculiar 
nicety by accurate workmen, and thefe muft always be 
kept apart from the laboratory, in fome place where 
the vapours of acids, or other corrofive liquors, cannot 
have accefs, otherwife the fteel will ruft, and the ac- 
curacy of the balance be deftroyed. I have three fets, 
of different fizes, made by Mr. Fontin with the utmoft 
nicety, and, excepting thofe made by Mr. Ramfden of 
London, I do not think any can compare with them for 
precifion and fenfibility. The largeft of thefe is about 
three feet long in the beam for large weights, up to 
fifteen or twenty pounds ; the fecond, for weights of 
eighteen or twenty ounces, is exact to a tenth part of 
a grain ; and the fmalleft, calculated only for weigh- 
ing about one dram, is fenfibly affected by the five 
hundreth part of a grain. 

Befides thefe nicer balances, which are only ufed 
for experiments of refearch, we muft have others of 
lefs value for the ordinary purpofes of the laboratory. 
A large iron balance, capable of weighing forty or 
fifty pounds, within half a dram ; one of a middle fize, 
which may afcertain eight or ten pounds, within ten 
or twelve grains ; and a fmall one, by which about a 
pound may be determined within one grain. 

We muft likewife be provided with weights divided 
into their feveral fractions, both vulgar and decimal, 
with the utmoft nicety, and verified by means of re- 
peated and accurate trials in the niceft fcales ; and it 
requires fome experience, and to be accurately ac- 
quainted with the different weights, to be able to ufe 
them properly. The beft way of precifely afcertaining 
the weight of any particular fubftance, is tcweigh it 
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twice, once with the decimal divifions of the pound, 
and another time with the common fubdivifions or 
vulgar fractions, and by comparing thefe, we attain the 
utmoft accuracy. 

By the fpecific gravity of any fubftance, is under- 
flood the quotient of its abfolute weight divided by its 
magnitude, or, what is the fame, the weight of a de- 
termined bulk of any body. The weight of a deter- 
minate magnitude of water has been generally affumed 
as unity for this purpofe ; and we exprefs the fpecific 
gravity of gold, fulphuric acid, &c. by faying, that gold 
is nineteen times, and fulphuric acid twice the weight 
of water, and fo of other bodies. 

It is the more convenient to affume water as 
unity in fpecific gravities, that the fubftances whofe 
fpecific gravity we wifh to determine, are mod com- 
monly weighed in water for that purpofe. Thus, if 
we wifh to determine the fpecific gravity of gold flat- 
tened under the hammer, and fuppofing the piece of 
gold to weigh 48981 grs. in the air*, it is fufpended 
by means of a fine metallic wire, under the fcale of a 
hydroftatic balance, fo as to be entirely immerfed in 
water, and again weighed. The piece of gold in Mr. 
Briffon's experiment loft by this means 253 grs. ; and 
as it is evident that the weight loft by a body weighed 
in water is precifely equal to the weight of the water 
difplaced, or to that of an equal volume of water, we 
may conclude, that, in equal magnitudes, gold weighs 
4898* grs. and water 253 grs. which, reduced to unity, 
gives 1. 0000 as the fpecific gravity of water, and 
jo. 3617 for that of gold. We may operate in the 

* Vide Mr. Briffon's Effay upon Specific Gravity, p. 5 .-A 
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fame manner with all folid fubflances. We have, 
however, rarely any occafion, in chemiftry, to deter- 
mine the fpecific gravity of folid bodies, unlefs when 
operating upon alloys or metallic glafles ; but we have 
very frequent neceffity to afcertain that of fluids, as it 
is often the only means of judging of their purity or 
degree of concentration. 

This object may be very fully accomplifhed, with 
the hydroflatic balance, by weighing a folid body, fuch, 
for example, as a little ball of rock-cryftal fufpended 
by a very fine gold wire, firfl in the air, and afterwards 
in the fluid whofe fpecific gravity we wifh to difcover. 
The weight loft by the cryftal, when weighed in the 
liquor, is equal to that of an equal bulk of the liquid. 
By repeating this operation fucceffively in water and 
different fluids, we can very readily afcertain, by a 
fimple and eafy calculation, the relative fpecific gravi- 
ties of thefe fluids, either with refpect to each other 
or to water. This method is not, however, fufficiently 
exact, or, at leaft, is rather troublefome, from its ex- 
treme delicacy, when ufed for liquids differing but lit- 
tle in fpecific gravity from water ; fuch, for inftance, 
as mineral waters, or any other water containing very 
fmall portions of fait in folution. 

In fome operations of this nature, which have not 
hitherto been made public, I employed an inftrument 
of great fenfibility for this purpofe with great advantage. 
It confifts, of a hollow cylinder, A b cf, Plate VII, 
fig. 6, of brafs, or rather of filver, loaded at its bot- 
tom, b cf, with tin, as reprefented fwimming in a jug 
of water, / m n o. To the upper part of the cylinder 
is attached a ftalk of filver wire, not more than three- 
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fourths of a line in diameter, furmoimted with a little 
cup d, intended for containing weights ; upon the 
ftalk a mark is made at g 9 the ufe of which we mail 
prefently explain. This cylinder may be made of any 
fize ; but, to be accurate, ought at leafl to difplace 
four pounds of water. The weight of tin with which 
this inftrument is loaded ought to be fuch as will make 
it remain almofl in equilibrium in diftilled water, and 
mould not require more than half a dram, or a dram 
at mod, to make it fmk to g. 

We mud firft determine,, with great precifion, the 
exact weight of the inftrument, and the number of ad- 
ditional grains requifite for making it fmk, in diftilled 
water of a determinate temperature, to the mark : We 
then perform the fame experiment upon all the fluids 
of which we wifh to afcertain the fpecific gravities, and 
by means of calculation, reduce the obferved differ- 
ences to a common ftandard of cubic feet, pints, or 
pounds, or of decimal fractions, comparing them with 
water. This method, joined to experiments with cer- 
tain reagents*, is one of the beft for determining the 
quality of waters, and is even capable of pointing out 
differences which efcape the moft accurate chemical 
analyfis. I fhall, at fome future period, give an ac- 
count of a very extenfive fet of experiments which I 
have made upon this fubje&. 

Thefe metallic hydrometers are only to be ufed for 
determining the fpecific gravities of fuch waters as con- 
tain only neutral falts or alkaline fubftances ; and they 

* For the ufe of thefe reagents, fee Bergman's excellent treatife upon the ana- 
lyfis of mineral waters, in his Chemical and Phyfical eflays.— T. 

2 X 
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may be conftructed with different degrees of ballaft for 
alcohol and other fpirituous liquors. When the fpe- 
cifk gravities of acid liquors are to be ascertained, we 
muft ufe aglafs hydrometer, as reprefented in PI. VII. 
Fig. 14*. This confifts of a hollow cylinder of glafs, 
a b cf, hermetically fealed at its lower end, and drawn 
out at the upper extremity into a capillary tube a, end- 
ing in the little cup or bafon d. This inftrument is 
ballafted with more or lefs mercury > at the bottom of 
the cylinder, introduced through the tube, in propor- 
tion to the weight of the liquor intended to be exa- 
mined. We may introduce a fmall graduated flip of 
paper into the tube ad; and, though thefe degrees do 
not exactly correfpond to the fractions of grains in the 
different liquors, they may be rendered very ufeful in 
calculation. 

What is faid in this chapter, may fuffice, without 
farther enlargement, for indicating the means of afcer- 
taining the abfolute and fpecific gravities of folids and 
fluids, as the neceffary inflruments are generally known, 
and may eafily be procured : But, as the inflruments I 
have ufed for meafuring and weighing the gafes are 
not any where defcribed, I fhall give a more detailed 
account of thefe in the following chapter. 



* Previous to the year 1787, I have feen fimilar glafs hydrometers, made far 
Pr. Black by B. Knie, a very ingenious artilt in Edinburgh. — T. 
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CHAPTER II. 



Of Gazometry, or the meafurement of the Weight and 
Volume of Aeriform Subjiances. 



SECT. I. 

Defcription of the Pneumato-Chemical Apparatics. 

THE French chemifts have of late applied the 
name of pneumato-chemical apparatus to the very fimple 
and ingenious contrivance, invented by Dr. Prieftley, 
which is now indifpenfibly neceffary to every labora- 
tory. This confifts of a wooden trough, of larger or 
fmaller dimenfions as is thought convenient, lined with 
plate-lead or tinned copper, as reprefented in perfpec- 
tive, PI. V, Fig. i. In Fig. 2, the fame trough or 
ciftern is fuppofed to have two of its fides cut away, to 
mew its interior conftru&ion more diftin&ly. In this 
apparatus, we diftinguifh between the fhelf ABCD, 
Fig. 1 and 2, and the bottom or body of the ciftern 
FGHI, Fig. 2. The jars or bell-glafles are filled with 
water in this deep part, and, being turned with their 
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mouths downwards, are afterwards fet upon the fhelf 
ABCD, as (hewn PI. X, Fig. i, F. The upper parts 
of the fides of the ciftern above the level of the fhelf 
are called the rim or borders. 

The ciftern ought to be filled with water, fo as to 
ftand at leall an inch and a half deep over the fhelf, 
and it fhould be of fuch dimenfions as to admit of at 
lead one foot of water in every direction in the well, or 
ciftern. The fize above defcribed is fufficient for or- 
dinary occafions ; but it is often convenient, and even 
neceflary, to have more room ; I would therefore ad- 
vife fuch as intend to employ themfelves ufefully in 
chemical experiments, to have this apparatus made of 
confiderable magnitude, when their place of operating 
will allow. The well of my principal ciftern holds 
four cubical feet of water, and its fhelf has a furface 
of fourteen fquare feet ; yet, in fpite of this fize, which 
I at firft thought immoderate, I am often ftraitened for 
room. 

In laboratories, where a confiderable number of 
experiments are performed, it is neceflary to have fe- 
veral leffer cifterns, befides the large one, which may 
be called the general magazine ; and even fome porta- 
ble ones, which may be moved when neceflary, near 
a furnace, or wherever they may be wanted. There 
are likewife fome operations which dirty the water of 
the apparatus, and therefore require to be carried on in 
cifterns by themfelves. 

It were doubtlefs confiderably cheaper to ufe cif- 
terns of wood, fimply dove-tailed, or iron-bound tubs, 
inftead of being lined with lead or copper ; and in my 
firft experiments I ufed them made in that way ; but 
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I foon difcovered their inconvenience. If the water 
be not always kept at the fame level, fuch of the 
dovetails as are left dry fhrink, and, when more wa- 
ter is added, it efcapes through the joints, and runs 
out. 

We employ cryftal-jars or bell-glafles, PI. V, Fig. 
9, A, for containing the glaffes in this apparatus ; and, 
for tranfporting thefe, when full of gas, from one cif- 
tern to another, or for keeping them in referve when 
the ciftern is too full, we make ufe of a flat difh BC, 
furrounded by a (landing up rim or border, with two 
handles DE for carrying it by. 

After feveral trials of different materials, I have 
found marble the befl fubflance for conftructing the 
mercurial pneumato-chemical apparatus, as it is per- 
fectly impenetrable by mercury, and is not liable, like 
wood, to feparate at the junctures, or to allow the mer- 
cury to efcape through chincks ; neither does it run 
the rifk of breaking, like glafs, flone-ware or porcelain. 
Take a block of marble BCDE, PI. V, Fig. 3 and 4, 
about two feet long, 15 or 18 inches broad and ten 
inches thick, and caufe it to be hollowed out as at 
vi n, Fig. 5, about four inches deep, as a refervoir for 
the mercury ; and, to be able more conveniently to 
fill the jars, cut the gutter T V, Fig. 3, 4, and 5, at 
leaft four inches deeper ; and as this trench may fome- 
times prove troublefome, it is made capable of being 
covered at pleafure by thin boards, which flip into the 
grooves x y, Fig. 5. I have two marble cifterns upon 
this conftru&ion, of different fizes, by which I can 
always employ one of them as a refervoir of mercury, 
which it preferves with more fafety than any other vef- 
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fel, being neither fubject to overturn, nor to any Other 
accident. We operate with mercury in this apparatus 
exactly as with water in the one before defcribed ; but 
the bell-glafles muft be of fmaller diameters, and much 
rtronger, or we may ufe glafs-tubes, having their 
mouths widened as in Fig. 7 ; thefe are called eudio- 
meters by the glafs-men who fell them. One of the 
bell-glaffes is reprefented Fig. 5, A, (landing in its 
place, and what is called a jar is engraved at Fig. 6. 

The mercurial pneumato-chemical apparatus is ne- 
c^fTary in all experiments wherein the difengaged gafes 
are capable of being abforbed by water, as is frequent- 
ly the cafe, efpecially in all combinations, excepting 
thofe of metals, in fermentation, &c. 



SECT. II. 

Of the Gazometer. 

I give the name of gazometer to an inftrument 
which I invented, and caufed to be conftru&ed, for 
thepurpofe of a kind of bellows, which might furnifh 
an uniform and continued flream of oxygen gas in 
experiments of fufion. Mr. Meufnier and I have fmce 
made very considerable corrections and additions, 
having converted it into what may be called an univer- 
fal inftrument, without which it is hardly poflible to 
perform molt of the very exact experiments. The 
name we have given the inftrument indicates its inten- 
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tion for meafuring the volume or quantity of gas fub- 
mitted to it for examination. 

It confifts of a ftrongiron beam, DE, PI. VIII, Fig. 
1, three feet long, having at each end, D and E, a 
fegment of a circle, likewife ftrongly conftru&ed of 
iron, and very firmly joined. Inftead of being poifed 
as in ordinary balances, this beam refts, by means of a 
cylindrical axis of polifhed fteel, F, Fig. 9, upon two 
large moveable brafs friction-wheels, by which the 
refiftance to its motion from friction is confiderably 
diminifhed, being converted into friction of the fe- 
cond order. As an additional precaution, the parts 
of thefe wheels which fupport the axis of the beam are 
covered with plates of polifhed rock-cryftal. The whole 
of this machinery is fixed to the top of the folid column 
of wood BC, Fig. 1 . To one extremity D of the beam, 
a fcale P for holding weights is fufpended by a flat 
chain, which applies to the curvature of the arc nT)o, 
in a grove made for the purpofe. To the other extre- 
mity E of the beam is applied another flat chain, i k m, 
fo conftructed as to be incapable of lengthening or 
Ihortening, by being lefs or more charged with weight ; 
to this chain, an iron trivot, with three branches, a /, 
c i, and h /, is ftrongly fixed at /, and thefe branches 
fupport a large inverted jar A, of hammered copper, 
about 1 8 inches diameter, and 20 inches deep. The 
whole of this machine is reprefented in perfpective, 
PL VIII, Fig. 1 ; and PI. IX, Fig. 2 and 4, give per- 
pendicular feclions which (hew its interior ftru&ure. 

Round the bottom of the jar, on its outfide, is fix- 
ed, PI. IX, Fig. 2, a border divided into compart- 
ments 1, 2, 3, 4, &c. intended to receive leaden 
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weights feparately reprefented i, 2, 3, Fig. 3. Thefe 
are intended for increafmg the weight of the jar when 
a confiderable preffure is requifite, as will be after- 
wards explained, though fuch neceility fildom occurs 
The cylindrical jar A is entirely open below, d e, PI. 
IX, »Fig. 4 ; but is clofed above with a copper lid, a b c , 
open at bf, and capable of being fhut by the cog g. 
This lid, as may be feen by infpecting the figures, is 
placed a few inches within the top of the jar, to prevent 
the jar from being ever entirely immerfed in the water, 
and covered over : were I to have this inftrument 
made over again, I fhould caufe the lid to be confider- 
ably more flattened, fo as to be almofl level. This 
jar or refervoir of air is contained in the cylindrical 
copper veffel LMNO, PI. VIII. Fig. 1, filled with 
water. 

In the middle of the cylindrical veffel LMNO, PI. 
IX, Fig. 4, are placed two tubes s t, x y 9 which are 
made to approach each other af their upper extremities 
t y ; thefe are made of fuch a length as to rife a little 
above the upper edge LM of the veffel LMNO, and 
when the jar abede touches the bottom NO, their up- 
per ends enter about half an inch into the conical hol- 
low /?, leading to the ftop-cock g. 

The bottom of the veffel LMNO, is reprefented 
PI. IX, Fig. 3, in the middle of which a fmall hallow 
hemifpherical cap is foldered, which may be confidered 
as the broad end of a funnel reverfed ; the two tubes 
s /, x y, Fig. 4, are adapted to this cap at s and x, and 
by this means communicate with the tubes mtn, nn, 00, 
pp, Fig. 3, which are fixed horizontally upon the bot- 
tom of the veffel, and all of which terminate in, and 
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are united by, the fpherical cap sx. Three of thefe 
tubes are continued out of the veffel as in PI. VIII, 
Fig. i. The firft marked in that figure i, 2, 3, is 
inferted at its extremity 3, by means of an intermedi- 
ate flop-cock 4, to the jar V, which Hands upon the 
fhelf of a fmall pneumato-chemical apparatus GHIK, 
the infide of which is fhewn PI. IX, Fig. 1. The fe- 
cond tube is applied againft the outfide of the veffel 
LMNO from 6 to 7, is continued at 8, 9, 10, and at 
1 1 is engaged below the jar V. The former of thefe 
tubes is intended for conveying gas into the machine, 
and the latter for conducing fmall quantities for trials 
under jars. The gas is made either to flow into or out 
of the machine, according to the degree of preffure it 
receives ; and this preffure is varied at pleafure, by 
loading the fcale P lefs or more, by means of weights. 
When gas is to be introduced into the machine, the 
preffure is taken off, or even rendered negative ; but 
when gas is to be expelled, a preffure is made with 
fuch degree of force as is found neceffary. 

The third tube 12, 13, 14, 15, is intended for con- 
veying air or gas to any neceffary place or apparatus for 
combuftions, combinations, or any other experiment 
in which it may be required. 

To explain the ufe of the fourth tube, I mud enter 
into fome difcuffions. Suppofe the veffel LMNO, PI. 
VIII, Fig. i, full of water, and the jar A partly filled 
with gas and partly with water ; it is evident that the 
weights in the bafon P may be fo adjufted, as to occa- 
fion an exa£t equilibrium between the weight of the 
bafon and of the jar, fo that the external air fhall hot 
tend to enter into the jar, nor the gas to efcape from 

2 Y 
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it ; and in this cafe the water will ftand exactly at the 
fame level both within and without the jar. On the 
contrary, if the weight in the bafon P be diminifhed, 
the jar will then prefs downwards from its own gravity, 
and the water will (land lower within the jar than it 
does without ; in this cafe, the included air or gas will 
fuffer a degree of compreffion above that experienced 
by the external air, exactly proportioned to the weight 
of a column of water, equal to the difference of the 
external and internal furfaces of the water. 

From thefe reflections, Mr. Meufnier contrived a 
method of determining the exact degree of preffure to 
which the gas contained in the jar is at any time ex- 
pofed. For this purpofe, he employs a double glafs 
fyphon 19, 20, 21, 22, 23, firmly cemented at 19 and 
23. The extremity 19 of this fyphon communicates 
freely with the water in the external veffel of the ma- 
chine, and the extremity 23 communicates with the 
fourth tube at the bottom of the cylindrical veffel, and 
confequently by means of the perpendicular tube s /, 
PI. IX, Fig. 4, with the air contained in the jar. He 
hkewife cements, at 16, PI. VIII, Fig. 1, another glafs- 
tube 16, 17, 18, which communicates at 16 with the 
water in the exterior veffel LMNO, and, at its upper 
end 18, is open to the external air. 

By thefe feveral contrivances, it is evident that the 
water muft ftand in the tube 16, 17, 18, at the fame 
level with that in the ciftern LMNO ; and, on the 
contrary, that, in the branch 19, 20, 21, it muft ftand 
higher or lower, according as the air in the jar is fub- 
je&ed to a greater or leffer preffure than the external 
air. To afcertain thefe differences, a brafs kale divid- 
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ed into inches and lines is fixed between thefe two 
tubes. It is readily conceived that, as air, and all 
other elaflic fluids, muft increafe in weight by.com- 
predion, it is neceffary to know their degree of con- 
denfation, to be enabled to calculate their quantities, 
and to convert the meafure of their volumes into cor- 
refpondent weights ; and this object is intended to be 
fulfilled by the contrivance now defcribed. 

But, to determine the fpecific gravity of air or of 
gafes, and to afcertain their weight in a known volume, 
it is neceffary to know their temperature, as well as 
the degree of preflure under which they fubfift ; and 
this is accomplifhed by means of a fmall thermometer, 
ftrongly cemented into a brafs collet, which fcrews 
into the lid of the jar A. This thermometer is repre- 
sented feparately, PI. VIII, Fig. 10, and in its place 24, 
25, Fig. 1, and PI. IX, Fig. 4. The bulb is in the in- 
fide of the jar A, and its graduated flalk rifes on the 
outfide of the lid. 

The practice of gazometry would Mill have labour- 
ed under great difficulties, without farther precautions 
thanthofe above defcribed. When the jar A finks in 
the water of the ciftern LMNO it muft lofea weight 
equal to that of the water which it difplaces ; and con- 
fequently the compreffion which it makes upon the 
contained air or gas muft be proportionally diminifhed. 
Hence the gas furnifhed, during experiments from the 
machine, will not have the fame denfity towards the 
end that it had at the beginning, as its fpecific gravity 
is continually diminifhing. This difference may, it is 
true, be determined by calculation ; but this would 
have occafioned fuch mathematical investigations a* 
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muft have rendered the ufe of this apparatus both 
troublefome and difficult. Mr. Meufnier has remedied 
this inconvenience by the following contrivance. A 
fquare rod of iron, 26, 27, PI. VIII, Fig. 1, is raifed 
perpendicular to the middle of the beam DE. This 
rod paffes through a hollow box of brafs 28, which 
opens, and may be filled with lead ; and this box is 
made to Aide alongfl: the rod, by means of a toothed 
pinion . playing in a rack, fo as to raife or lower the 
box, and to fix it at fuch places as is judged proper. 

When the lever or beam DE Hands horizontal, this 
box gravitates to neither fide ; but when the jar A finks 
into the ciflern LMNO, fo as to make the beam incline 
to that fide, it is evident the loaded box 28, which 
then paffes beyond the centre of fufpenfion, muft gra- 
vitate to the fide of the jar, and augment its preffure 
upon the included air. This is increafed in proportion 
as the box is raifed towards 27, becaufe the fame weight 
exerts a greater power in proportion to the length of 
the lever by which it acts. Hence, by moving the 
box 28 along the rod 26, 27, we can augment or di- 
minifh the correction it is intended to make upon the 
preffure of the jar ; and both experience and calcula- 
tion fhew that this may be made to compenfate very 
exactly for the lofs of weight in the jar at all degrees 
of preffure. 

I have not hitherto explained the mod important 
part of the ufe of this machine, which is the manner 
of employing it for afcertaining the quantites of the 
air or gas furnifhed during experiments. To deter- 
mine this with the moft rigorous precifion, and like- 
wife the quantity fupplied to the machine from experi- 
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ments, we fix to the arc which terminates the arm of 
the beam E, PI. VIII, Fig. i, the brafs fedor / #, di- 
vided into degrees and half degrees, which confequent- 
ly moves in common with the beam ; and the. lowering 
of this end of the beam is meafured by the fixed index 
29, 30, which has a Nonius giving hundredth parts of 
a degree at its extremity 30. 

The whole particulars of the different parts of the 
above defcribed machine are reprefented in PI, VIII, 
as follow. 

Fig. 2, Is the flat chain invented by Mr. Vaucanfon, 
and employed for fufpending the fcale or bafon P, 
Fig. 1 ; but as this lengthens or fhortens according as 
it is more or lefs loaded, it would not have anfwered 
for fufpending the jar A, Fig. 1 . 

Fig. 5, Is the chain i k m, which in Fig. 1 fuftains 
the jar A. This is entirely formed of plates of polifhed 
iron interlaced into each other, and held together by 
iron pins. This chain does not lengthen in any fenfi- 
ble degree, by any weight it is capable of fupporting. 

Fig. 6, The trivet, or three-branched flirrup, by 
which the jar A is hung to the balance, with the 
fcrew by which it is fixed in an accurately vertical 
pofition. 

Fig. 3, The iron rod 26, 27, which is fixed per- 
pendicular to the centre of the beam, with its box 28. 

Fig. 7 and 8, The friction-wheels, with the plates 
of rock-cryftal Z, as points of contact by which 
the frittion of the axis of the lever of the balance is 
avoided. 

Fig- 4? The piece of metal which fupports the axis 
of the fri&ion-wheels. 
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Fig. 9, The middle of the lever or beam, with the 
axis upon which it moves. 

Fig. 10, The thermometer for determining the tem- 
perature of the air or gas contained in the jar. 

When this gazometer is to be ufed, the ciflern or 
external veffel, LMNO, PL VIII, Fig. i, is to be 
filled with water to a determinate height, which mould 
be the fame in all experiments. The level of the wa- 
ter mould be taken when the beam of the balance 
Hands horizontal ; this level, when the jar is at the 
bottom of the ciflern, is increafed by all the water 
which it difplaces, and is diminifhed in proportion as 
the jar rifes to its highefl elevation. We next endea- 
vour, by repeated trials, to difcover at what elevation 
the box 28 mufl be fixed, to render the preffure equal 
in all fituations of the beam. I mould have faid near- 
ly, becaufe this correction is not abfolutely rigorous j 
and differences of a quarter, or even of half a line, are 
not of any confequence. This height of the box 28 is 
not the fame for every degree of preffure, but varies 
according as this is of one, two, three, or more inches. 
All thefe mould be regiftered with great order and 
precifion. 

We next take a bottle which holds eight or ten 
pints, the capacity of which is very accurately deter- 
mined by weighing the water it is capable of contain- 
ing. This bottle is turned bottom upwards, full of wa- 
ter in the ciflern of the pneumato-chemical apparatus 
GHIK, Fig. 1, and is fet on its mouth upon the fhelf 
of the apparatus, inflead of the glafs-jar V, having 
the extremity 11 of the tube 7, 8, 9, 10, 11, insert- 
ed into its mouth. The machine is fixed at zero of 
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preffure, and the degree marked by the index 30 upon 
the fettor m I is accurately obferved ; then, by open- 
ing the flop-cock 8, and preffing a little upon the jar 
A, as much air is forced into the bottle as fills it entire- 
ly. The degree marked by the index upon the feftor 
is now obferved, and we calculate what number of cu- 
bical inches correfpond to each degree. We then fill 
a fecond and third bottle, and fo on, in the fame man- 
ner, with the fame precautions, and even repeat the 
operation feveral times with bottles of different fizes, 
till at laft, by accurate attention, we afcertain the ex- 
acl: gage or capacity of the jar A, in all its parts ; but 
it is better to have it formed at firfl accurately cylhu 
drical ; by which we avoid thefe calculations and 
eflimates. 

The inflrument I have been defcribing was con- 
ftrudted with great accuracy and uncommon fkill by 
Mr. Meignie, junior, engineer and phyfical inflrument- 
maker. It is a mod valuable inflrument, from the great 
number of purpofes to which it is applicable ; and in- 
deed, there are many experiments which are almofl 
impoffible to be performed without it. It becomes 
expenfive, becaufe, in many experiments, fuch as the 
formation of water and of nitric acid, it is abfolutely 
neceffary to employ two of the fame machines. In 
the prefent advanced flate of chemiflry, very expenfive 
and complicated inflruments are become indifpenfably 
neceffary, for afcertaining the analyfis and fynthefis of 
bodies, with the requifite precifion as to quantity and 
proportion ; it is certainly proper to endeavour to 
fimplify thefe, and to render them lefs coflly 5 but this 
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ought by no means to be attempted at the expence of 
their conveniency of application, and much lefs of their 
accuracy. 



SECT. III. 

Some other Methods of meafuring the Volume o/Gafes. 

The gazometer defcribed in the foregoing fection 
is too coftly and too complicated for being generally 
ufed in laboratories for meafuring the gafes, and is not 
even applicable to every circumftance of this kind. 
In numerous feries of experiments, more fimple and 
more readily applicable methods muft be employed. 
For this purpofe I fhall defcribe the means I ufed be- 
fore I was in pofTeffion of a gazometer, and which I 
flill ufe in preference to it in the ordinary courfe of my 
experiments. 

Suppofe that, after an experiment, there is a refi- 
duum of gas, neither abforbable by alkali nor water, 
contained in the upper part of the jar AEF, PI. IV, 
Fig. 3, ftanding on the fhelf of a pneumato-chemical 
apparatus, of which we wifh to afcertain the quantity ; 
we muft firfl mark the height to which the mercury 
or water rifes in the jar with great exactnefs, by means 
of flips of paper parted in feveral parts round the jar. 
If we have been operating in mercury, we begin by 
difplacing the mercury from the jar, by introducing 
water in its (lead. This is readily done by filling a 
bottle quite full of water ; having flopped it with your 
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finger, turn it up, and introduce its mouth below the 
edge of the jar ; then, turning down its body again, 
the mercury, by its gravity, falls into the bottle, and 
the water rifes in the jar, and takes the place occupied 
by the mercury. When this is accomplished, pour fo 
much water into the ciflern ABCD as will (land about 
an inch over the furface of the mercury ; then pafs the 
dim BC, PI. V, Fig. 9, under the jar, and carry it to 
the water-ciftern, Fig. 1 and 2. We here exchange 
the gas into another jar, which has been previoufly 
graduated in the manner to be afterwards defcribed ; 
and we thus judge of the quantity or volume of the 
gas by means of the degrees which it occupies in the 
graduated jar. 

There is another method of determining the volume 
of gas, which may either be fubflituted in place of the 
one above defcribed, or may be ufefully employed as a 
correction or proof of that method. After the air or, 
gas is exchanged from the firft jar, marked with flips 
of paper, into the graduated jar, turn up the mouth of 
the marked jar, and fill it with water, exa&ly to 
the marks E£, PI. IV, Fig. 3, and by weighing the 
water, the volume of the air or gas it contained may 
be determined; allowing one cubical foot or 1728 
cubical inches, French meafure, for each 70 libs. 
French weight, or the fame cubical volume in En- 
glim meafure for each 75.84 libs. Englifh Troy, of the 
water. 

The manner of graduating jars for this purpofe is 
very eafy, and we ought to be provided with feveral of 
different fizes, and even feveral of each fize, in cafe 
of accidents. Take a tall, narrow, and ftrong glafs- 

2 z 
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jar, and having filled it with water in the cittern, PL 
V, Fig. i, place it upon the ftielf ABCD ; we ought 
always to ufe the fame place for this operation, that 
the level of the fhelf may be always exactly fimilar, by 
which almoft the only error to which this procefs is 
liable will be avoided. Then take a narrow-mouthed 
phial, holding exactly 5 oz. 1 drains, 1 1 grs. of water, 
which correfponds to ten cubical inches. If you have 
not one exactly of tjiis dimenfion, choofe one a little 
larger, and diminifh its capacity to the fize requifite, 
by dropping in a little - melted wax and rozin. This 
finall phial ferves the purpofe of a ftandard for gaging 
the jars. Make the air contained in this bottle pafs in- 
to the jar, and mark exactly the place to which the 
water has defcended ; add another meafure of air, and 
again mark the place of the water, and fo on, till all 
the water be difplaced. It is of great confequence 
that, during the courfe of this operation, the bottle and 
jar be kept at the fame temperature with the water in 
the cittern ; and, for this reafon, we mutt refrain as 
much as poflible from keeping the hands upon either, 
or, if we fufpecl: they have been heated, we mutt cool 
them again by means of the water in the cittern. The 
height of the barometer and thermometer during this 
experiment is of no confequence. 

When the marks have been thus afcertained upon 
the jar for every ten cubical inches, we engrave a fcale 
upon one of its fides by means of a diamond pencil. 
Glafs-tubes are graduated in the fame manner, for 
ufing in the mercurial apparatus, only they mutt be 
divided into cubical inches, and tenths of a cubical 
inch. The bottle ufed for gaging thefe mutt hold 7 
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ez. 1 dr. isgrs. of mercury, which exactly corref- 
pond to a cubical inch of that metal. 

This method of determining the volume of air or 
gas, by means of a graduated jar, has the advantage of 
not requiring any correction for the difference of height 
between the furface of the water within the jar, and in 
the ciftern ; but it requires corrections with refpect to 
the height of the barometer and thermometer. But, 
when we afcertain the volume of air by weighing the wa- 
ter which the jar is capable of containing, up to the 
marks EF, it is neceffary to make a farther correction, for 
the difference between the furface of the water in the 
ciftern, and the height to which it rifes within the jar. 
This will be explained in the fifth fection of this 
Chapter. 



SECT. IV. 

Of the Method of Separating the different Gafes from 
each other. 



As experiments often produce two, three, or more 
fpecies of gas, it is neceffary to be able to feparate 
thefe from each other, that we may afcertain the 
quantity and fpecies of each. Suppofe that under the 
jar A, PI. IV, Fig. 3, is contained a quantity of dif- 
ferent gafes mixed together, and Handing over mer- 
cury ; we begin -by marking with flips of paper as be- 
fore directed, the height at which the mercury Hands 
within the glafs ; and then introduce about a cubical 
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inch of water into the jar, which will fwim over the 
furface of the mercury : If the mixture of gas contains 
any muriatic or fulphurous acid gas, a rapid and con- 
fiderable aforption will inflantly take place, from the 
flrong tendency thefe two gafes have, efpecially the 
former, to combine with or be abforbed by water. If 
the water only produces a flight abforption of gas, 
hardly equal to its own bulk, we conclude, that the 
mixture neither contains muriatic acid, fulphuric acid, 
or ammoniacal gas, but that it contains carbonic acid 
gas, of which water only abforbs about its own bulk. 
To afcertain this conjecture, introduce fome folution 
of cauftic alkali, and the carbonic acid gas will be gra- 
dually abforbed in the courfe of a few hours ; it com- 
bines with the cauftic alkali or potafh, and the remain- 
ing gas is left almoft perfectly free from any fenfible 
refiduum of carbonic acid gas. 

After each experiment of this kind, we mufl care- 
fully mark the height at which the mercury flands 
within the jar, by flips of paper palled on, and var- 
nifhed over when dry, that they may not be wafhed off 
when placed in the water apparatus. It is likewife ne- 
ceffary to regifter the difference between the furface of 
the mercury in the ciflern and that in the jar, and the 
height of the barometer and thermometer, at the end of 
each experiment 

When all the gas or gafes abforbable by water and 
potafh are abforbed, water is admitted into the jar to 
difplace the mercury : and, as is defcribed in the pre- 
ceding fe&ion, the mercury in the ciflern is to be co- 
vered by one or two inches of*water. After this, 
the jar is to be tranfported by means of the flat difh 
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BC, PI. V, Fig. 9, into the water-apparatus ; and the 
quantity of gas remaining is to be ascertained by chang- 
ing it into a graduated jar. After this, fmall trials of it 
are to be made by experiments in little jars, to afcertain 
nearly the nature or the gas in queftion. For inftance, 
into a fmall jar full of the gas, Fig. 8, PI. V, a lighted 
taper is introduced ; if the taper is not immediately ex- 
tinguifhed, we conclude the gas to contain oxygen gas ; 
and in proportion to the brightnefs of the flame, we 
may judge if it contain lefs or more oxygen gas than 
atmofpheric air contains. If, on the contrary, the taper 
be inflantly extinguifhed, we have ftrong reafon to pre- 
fume that the refiduum is chiefly compofed of azotic 
gas. If, upon the approach of the taper, the gas takes 
fire and burns quietly at the furface with a white flame, 
we conclude it to be pure hydrogen gas ; if this flame 
is blue, we judge it confifts of carbonated hydrogen 
gas ; and, if it takes fire with a fudden deflagration, 
that it is a mixture of oxygen and hydrogen gas. If, 
again, upon mixing a portion of the refiduum with 
oxygen gas, red fumes are produced, we conclude that 
it contains nitrous gas. 

Thefe preliminary trials give fome general know- 
ledge of the properties of the gas, and nature of the 
mixture, but are not fufficient to determine the propor- 
tions and quantities of the feveral gafes of which it is 
compofed. For this purpofe all the methods of analy- 
fis muft be employed : and, to direct thefe properly, 
it is of great ufe to have a previous approximation by 
the above methods. Suppofe, for inftance, we know 
that the refiduum confifts of oxygen and azotic gas 
mixed together, put a determinate quantity, ioo parts, 
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into a graduated tube of ten or twelve lines diameter, 
introduce a folution of fulphuret of potafh in contact 
with the gas, and leave them together for fome days ; 
the fulphuret abforbs the whole oxygen gas, and leaves 
the azotic gas pure. 

If it is known to contain hydrogen gas, a determin- 
ate quantity is introduced into Volta's eudiometer, 
along with a known proportion of oxygen gas ; thefe 
are deflagrated together by means of the electrical 
fpark ; frefh portions of oxygen gas are fucceffively 
added, till no farther deflagration takes place, and till 
the greateft poflible diminution is produced. By this 
procefs, water is formed, which is immediately absorb- 
ed by the water of the apparatus ; but, if the hydrogen 
gas contain carbon, carbonic acid is formed at the fame 
time, which is not abforbed fo quickly ; the quantity 
of this is readily afcertained by affifting its abforption, 
by means of agitation. If the refiduum contains 
nitrous gas, by adding oxygen gas, with which it com- 
bines into nitric acid, we can very nearly afcertain its 
quantity, from the diminution produced by this mix- 
ture. 

I confine myfelf to thefe general examples, which 
are fufficient to give an idea of this kind of operations ; 
a whole volume would not ferve to explain every pof- 
fible cafe. It is neceffary to become familiar with the 
analyfis of gafes by long experience ; we rauft even 
acknowledge that they moflly poffefs fuch powerful 
affinities to each other, that we are not always certain 
of having feparated them completely. In thofe cafes, 
we mufl vary our experiments in every poflible point 
of view; adding new agents to the combination, and 
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keeping out others, and mud continue our trials, till 
we are certain of the truth and exactitude of our con- 
clufions. 



SECT. V. 

Of the nece/fary Correcliom upon the Volume of the Gafes, 
according to the Prejfure of the Atmofphere. 



All elaftic fluids are compreffible or condenfible, in 
proportion to the weight with which they are loaded. 
Perhaps this law, which is afcertained by general ex- 
perience, may fuffer fome irregularity when thefe fluids 
are under a degree of condenfation almoft fuflicient to 
reduce them to the liquid ftate, or when either in a 
ftate of extreme rarefaction or condenfation ; but we 
feldom approach either of thefe limits with mofl of the 
gafes which we fubmit to our experiments. I under- 
ftand this propofition of gafes being compreflible, 
in proportion to their fuperincumbent weight, as fol- 
lows : 

A barometer, which is an inftrument generally 
known, is, properly fpeaking, a fpecies of fyphon, 
ABCD, PI. XII, Fig. 16, whofe leg AB is filled with 
mercury, while the leg CD is full of air. If we fup- 
pofethe branch CD indefinitely continued till it equals the 
height of our atmofphere, we can readily conceive that 
the barometer is, in reality, a fort of balance, in which 
a column of mercury ftands in equilibrium with a co- 
lumn of air of the fame weight. But it is unneceflary 
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to prolongate the branch CD to fuch a weight, as it i3 
evident that the barometer being immerfed in air, the 
column of mercury AB will be equally in equilibrium 
with a column of air of the fame diameter, though the 
leg CD be cut off at C, and the part CD be taken away 
altogether. 

The medium height of mercury in equilibrium with 
the weight of a column of air, from the higheft part of 
the atmofphere to the furface of the earth, is about 
twenty-eight French or 29.85 Englifh inches in the 
lower parts of the city of Paris ; or, in other words, 
the air at the furface of the earth at Paris is ufually 
preffed upon by a weight equal to that of a column of 
mercury twenty-eight inches in height. I mult be 
undcrflood in this way, in the feveral parts of this pub- 
lication, when talking of the different gafes ; as, for 
inftance, when the cubical foot of oxygen gas is faid 
to weigh 538.45 grs. under 29.85 inches preffure. 
The height of this column of mercury, fupported by 
the preffure of the air diminifhes in proportion as we 
are elevated above the furface of the earth, or rather 
above the level of the fea ; becaufe the mercury can 
only form an equilibrium with the column of air which 
is above it, and is not in the fmalleft degree affected 
by the air which is below its level. 

In what ratio does the mercury in the barometer de- 
fcend in proportion to. its elevation ? or, which is the 
fame thing, according to what law or ratio do the feve- 
veral ftrata of the atmofphere decreafe in denfity ? this 
queftion, which has exercifed the ingenuity of natural 
philofophers during the lafl century, is confiderably 
elucidated by the following experiment. 
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If we take the glafs fyphon ABCDE, PI. XII, Fig. 
17, fhut at E, and open at A, and introduce a few drops 
of mercury, fo as to intercept the communication of 
air between- the leg AB and the leg BE, it is evident 
that the air contained in BCDE is preffed upon, in 
common with the whole furrounding air, by a weight 
or column of air equal to 29.85 inches of mercury. 
But, if we pour 29.85 inches of mercury into the leg 
AB, it is plain that the air in the branch BCDE will 
then be preffed upon by a weight equal to twice 29.85 
inches of mercury, or twice the weight of the atmof- 
phere ; and experience mews that, in this cafe, the in- 
cluded air, inftead of rilling the tube from B to E, only 
occupies from C to E, or exactly one-half of the fpace 
it filled before. If to this firil column cf mercury we 
add two other portions of 29.85 inches each, in the 
branch AB, the air in the branch BCDE will be preffed 
upon by four times the weight of the atmofphere or 
four times the weight of 29.85 inches of mercury, and 
it will then only fill the fpace from D to E, or exactly 
one-quarter of the fpace it occupied at the commence- 
ment of the experiment. From thefe experiments, 
whfch may be infinitely varied, it has been deduced as 
a general law of nature, which feems applicable to all 
permanently elaftic fluids, that they diminifh in volume 
directly in proportion to the weight with which they are 
preffed ; or, in other words, " the volume of all elajlic 
"fluids is in the inverfe ratio of the weight by which 
they are compre/fed." 

The experiments which have been made for mea- 
furing the heights of mountains by means of the baro- 
meter, confirm the truth of thefe deductions ; and, 

3 A 
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even fuppofing them in fome degree inaccurate, thefe 
differences are fo extremely fmall, that they may be 
reckoned as nothing in chemical experiments. When 
this lav/ of the comprcflion of elaftic fluids is once well 
underftood, it becomes eafily applicable to the correc- 
tions, neceffary in pneumato- chemical experiments, 
upon the volume of gas, in relation to its preffure. 
Thefe corrections are of two kinds, the one relative to 
the variations of the barometer, and the other for the 
column of water or mercury contained in the jars. I 
{hall endeavour to explain thefe by examples, begin- 
ning with the molt fimple cafe. 

Suppofe that ioo cubical inches of oxygen gas are 
obtained at 54.5 of the thermometer, and at 30.37 in- 
ches of the barometer, it is required to know what 
volume the 100 cubical inches of gas would occupy, 
under the prefiure of 29.85 inches, and what is the 
exact weight of the 100 inches of oxygen gas ? Let the 
unknown volume, or the number of inches this gas 
would occupy at 29.85 inches of the barometer, be ex- 
preffed by x ; and, fince the volumes are in the inverfe 
ratio of their fuperincumbent weights, we have the 
following ftatement : 1 00 cubical inches is to x, in- 
veriely as 30.37 inches of preffure is to 29.85 inches ; 
or directly 29.85 : 30.37 : : 100 : #=101.741 — cu- 
bical inches, at 29.85 inches barometrical preffure; 
that is to fay, the fame gas or air which at 30.37 inches 
of the barometer occupies 100 cubical inches of vo- 
lume, will occupy 101.741 cubical inches when the 
barometer is at 29.85 inches. It is equally eafy to 
calculate the weight of this gas, occupying 100 cubical 
inches, under 30.37 inches of barometrical preffure ; 
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for, as it correfponds to 101.741 cubical inches at the 
preffure of 39.85 ; and as, at this preffure, and at 
54.5 of temperature, each cubical inch of oxygen gas 
weighs 0.31 1023 gr. it follows, that 100 cubical in- 
ches, under 30.37 barometrical preffure, muft weigh 
3 1 .644 grains. This conclufion might have been form- 
ed more direcl:ly ; as, fince the volume of elaflic 
fluids is in the inverfe ratio of their compreffion, their 
weights muft be in the direct ratio of the fame com- 
preffion : Hence, fince 100 cubical inches weigh 
31.1023 grains, under the preffure of 29.85 inches, 
we have the following flatement to determine the 
weight of 100 cubical inches of the fame gas at 30.37 
barometrical preffure; 29.85. : 31.1023 :: 30.37: 
#, the unknown quantity. =3 1.644. 

The following cafe is more complicated : Suppofe the 
jar A, PI. XII, Fig. 18, to contain a quantity of gas in 
its upper part ACD, the reft of the jar below CD being- 
full of mercury, and the whole ftanding in the mer- 
curial bafon or refervoir GHIK, filled with mercury 
up to EF, and that the difference between the furface 
CD of the mercury in the jar, and EF, that in the 
ciftern, is fix inches, while the barometer ftands at 
27.5 inches : It is evident from thefe data, that the air 
contained in ACD is preffed upon by the weight of the 
atmofphere, diminifhed by the weight of the column 
of mercury CE, or by 27.5 — 6=21.5 inches of baro- 
metrical preffure. This air is therefore lefs compref- 
fed than the atmofphere at the mean height of the ba- 
rometer, and confequently occupies more fpace than 
it would occupy at the mean preffure, the difference 
being exactly proportional to the difference between 
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the comprefling weights. If, then, upon meafuring 
the fpace ACD, it is found to be 120 cubical inches, 
it mud be reduced to the volume which it would oc- 
cupy under the mean preffure of 29.85 inches. This 
is done by the following ftatement : 120 : x, the un- 
known volume, : : 21.5 : 29.85 inverfely ; this gives 

A:= It0 " =86.4^2 cubical inches. 
29.55 •. '** 

In thefe calculations we may cither reduce the 
height of the mercury in the barometer, and the differ- 
ence of level in the jar and bafon, to lines, or to de- 
cimal fractions of the inch ; but I prefer the latter, as 
it is more readily calculated. As, in thefe operations, 
which frequently recur, it is of great ufe to have means 
of abbreviation, I have given a table in the appendix 
for reducing lines and fractions of lines into decimal 
fractions of the inch. 

In experiments performed in the water apparatus, 
we muft make fimilar corrections to procure rigoroufly 
exact refults, by taking into account, and making al- 
lowance for the difference of height of the water 
within the jar above the furface of the water in the 
ciftern. But, as the preffure of the atmofphere is ex- 
preffed in inches and lines of the mercurial barometer, 
and, as homogeneous quantities only can be calculated 
together, we muft reduce the obferved inches and lines 
of water into correfpondent heights of the mercury. I 
have given a table in the appendix for this converfion, 
upon the fuppofition that mercury is 13.5681 times 
heavier than water. 
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SECT. VI. 

OfCorreftions relative to the Degrees of the Thermo- 
meter. 

In afcertaining the weight of gafes, befides reducing 
them to a mean of a barometrical preflure, as directed, 
in the preceding fe&ion, we mull likewife reduce them 
to a ftandard thermometrical temperature ; becaufe 
all elaftic fluids being expanded by heat, and conden- 
fed by cold, their weight in any determinate volume 
is thereby liable to confiderable alterations. As the 
temperature of 54. 5 is a medium between the heat of 
fummer and the cold of winter, being the temperature 
of fubterraneous places, and that which is moft eafily 
approached to at all feafons, I have chofen that degree 
as a mean to which I reduce air or gas in this fpecies 
of calculation. 

Mr. de Luc found, that atmofpheric air was increafed 
By part of its bulk, by each degree of a mercurial ther- 
mometer divided into 8 1 degrees, between the freezing 
and boiling points ; this gives ttt part for each degree 
of Reaumur's thermometer ,which is divided into 80 de- 
grees between thofe two points ; or -~j— part for each 
degree of Fahrenheit's fcale, which is divided into 180 
degrees between the fame fixed points. The experi- 
ments of Mr. Monge feem to make this dilatation lefs 
for hydrogen gas, which he thinks is only dilated rh 
for each degree of Reaumur, or ah for each of Fah- 
renheit's degrees. We have not any exact, experi- 
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ments hitherto publifhed refpe&ing the ratio of dilata- 
tion of the other gafes ; but, from the trials which 
have been made, their dilatation feems to differ little 
from that of atmofpheric air. Hence I may take it for 
granted, till farther experiments give us better, infor- 
mation upon this fubje&, that atmofpherical air is dila- 
ted oto part, and hydrogen gas tvo part for each de- 
gree of Reaumur's thermometer, or that amofpheric 
air is dilated -~- part, and hydrogen gas — — part 
for each degree of the fcale of Fahrenheit ; but, as 
there is (till great uncertainty upon this point, we 
ought always to operate in a temperature as near as 
poffible to the ftandard of 54.5 ; by this means any 
errors in correcting the weight or volume of gafes by 
reducing them to the common ftandard, will become 
of little moment. 

The calculation for this correction is extremely 
eafy. Divide the obferved volume of air by 210, for 
Reaumur's fcale, or 472.5 for that of Fahrenheit, and 
multiply the quotient by the degree of temperature 
above or below 54.5 . This correction is negative 
when the actual temperature is above the ftandard, and 
pofnive when below. By the ufe of logarithmetical 
tables this calculation is much facilitated. 
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SECT. VII. 



Examples for calculating the Corrections relative to the 
variations of Prejfure and Temperature. 



CASE. 

m 

In the jar A, PI. IV, Fig. 3, ftanding in a water-ap- 
paratus, is contained 353 cubical inches of air ; the 
furface of the water within the jar at EF is 4I inches 
above the water in the cittern, the barometer is at 27 
inches 9} lines, and the thermometer at 65. 75 . 
Having burnt a quantity of phofphorus in the air, by 
which concrete phofphoric acid is produced, the air af- 
ter the combuftion occupies 295 cubical inches, the 
water within the jar (lands 7 inches above that in the 
ciftern, the barometer is at 27 inches 9} lines, and 
the thermometer at 68°. It is requifite from thefe data 
to determine the actual volume of air, before and after 
combuftion, and the quantity abforbed during the 
procefs. 



Calculation before Combuftion. 

The air in the jar before combuftion was 353 cubi- 
cal inches, but it was only under a barometrical pref- 
fure of 27 inches 9^ lines; which reduced to decimal' 
fractions by Tab. I. of the Appendix, gives 27.79167 
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inches; and from this we muft deduct the difference 
of 41 inches of water, which, by Tab. II. correfponds 
to 0.33166 inches of the barometer; hence the real 
preffure of the air in the jar is 27.46001. As the vo- 
lume of elaftic fluids diminifhes in the inverfe ratio of 
the comprefTing weights, we have the following ftate- 
ment, to reduce the 353 inches to the volume the air 
would occupy at 28 inches barometrical preffure. # 

353 : x, the unknown volume, : : 27.46001 : 28. 
Hence, K=-^p— = 346.192 cubical inches, 
which is the volume the fame quantity of air would 
have occupied at 28 inches of the barometer. 

The 472.5th part of this corrected volume is .73247, 
which for the 11.25 degrees of temperature above the 
ftandard, gives 8.24 cubical inches ; and, as this cor- 
rection is fubtractive, the real corrected volume of the 
air before combuftion is 337.952 inches. 



Calculation after Combuftion. 

By a fimilar calculation upon the volume of air af- 
ter combuftion, we find its barometrical preffure 
27.77083 — 0.51593=27.25490. Hence, to have the 
volume of air under the preffure of 28 inches, 295 : x 
: : 27.77083 : 28 inverfely; or *==-^~-^- =287. 1-50. 
The 472.5th part of this corrected volume, is .61, 
which, multiplied by 13.5 degrees of thermometrical 
difference, gives the fubtractive correction for temper- 
ature, 8.235, leaving the actual corrected volume of 
air after combuftion 278.915 inches. 
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Refuli. 

The corre&ed volume before combuftion, 337-952 
Ditto, remaining after combuftion, 278.915 



Volume abforbed during combuftion, 59-°37 



SECT. VIII. 



Method of determining the Abfolute Gravity of the differ- 
ent Cafes. 



Take a large balloon A, PL V, Fig. 10, capable of 
holding 17 or 18 pints, or about half a cubical foot, 
having rhe brafs cap bcde ftrongly cemented to its neck, 
and to which the tube and flop-cock/ g is fixed by a 
tight fcrew. This apparatus is connected by the double 
fcrew reprefented feparately at Fig. 12, to the jar BCD 
Fig. 12, which mult be fome pints larger in dimen- 
fions than the balloon. This jar is open at top, and is 
furnifhed with the brafs cap h i, and the ftop-cock / m. 
One of thofe ftop-cocks is reprefented feparately at 
Fig. 11. 

We firft determine the exact capacity of the balloon 
by filling it with water, and weighing it both full and 
empty. When emptied of water, it is dried with a 

1 B 
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cloth introduced through its neck d e, and the laft re- 
mains of moiflure are removed by exhaufling it once 
or twice in an air-pump. 

When the weight of any gas is to be afcertained, 
this apparatus, is ufed as follows : Fix the balloon A 
to the plate of an air-pump, by means of the fcrew of 
the flop-cock/ g, which is left open ; the balloon is to 
be exhaufled as completely as poffible, obferving care- 
fully the degree of exhauflion by means of the barome- 
ter attached to the air-pump. When the vacuum is 
formed, the (lop-cock f g is fhut, and the weight of 
the balloon determined with the moft fcrupulous exac- 
titude. It is then fixed to the jar BCD, which we fup- 
pofe placed in water in the fhelf of the pneumato-che- 
mical apparatus Fig. i ; the jar is to be filled with the 
gas we mean to weigh, and then by opening the flop- 
cocks f g and / m, the gas afcends into the balloon, 
whilfl the water of the ciftern rifes at the fame time 
into the jar. To avoid very troublefome corrections, 
it is neceffary, during this firfl part of the operation, 
to fink the jar in the ciftern till the furfaces of the wa- 
ter within and without the jar exactly correfpond. 
The flop-cocks are again fhut, and the balloon, being 
unfcrewed from its connection with the jar, is to be 
carefully weighed ; the difference between this weight 
and that of the exhaufled balloon is the precife weight 
of the air or gas contained in the balloon. Multiply 
this weight by 1728, the number of cubical inches in a 
cubical foot, and divide the product by the number of 
cubical inches contained in the balloon, the quotient 
is the weight of a cubical foot of the gas or air fubmit- 
ted to experiment. 
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Exact account mud be kept of the barometrical 
height and the temperature of the thermometer during 
the above experiment ; and from thefe the refulting 
weight of a cubical foot is eafily corrected to the ftand- 
ards of 28 inches preifure, and 54.5 temperature, as 
directed in the preceding fection. The fmall portion 
of air remaining in the balloon after forming the va- 
cuum, muft likewife be attended to, and this is eafily 
determined by the barometer attached to the air-pump. 
If that barometer, for inflance, remains at the hun- 
dredth part of the height it flood at before the vacuum 
was formed, we conclude that one hundredth part of 
the air originally contained remains in the balloon, and 
confequently that only *<h> of gas was introduced from 
the jar into the balloon, 
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CHAPTER III. 



Dcfcription of the Calorimeter, or Apparatus for meafur- 
ing Caloric* 

THE calorimeter, or apparatus for meafuring the 
relative quantities of heat contained in bodies, was de- 
fcribed by Mr. de la Place and me in the Memoirs of 
the Academy for 1780, p. 355, and from that Eflay 
the materials of this chapter are extra£led. 

If, after having cooled any body to the freezing 
point, it be expofed in an atmofphere of 88.25% tne 
body will gradually become heated, from the furface 
inwards, till at laft it acquire the fame temperature 
with the furrounding air. But, if a piece of ice be 
placed in the fame fituation, the circumftances are 
quite different ; it does not approach in the fmalleft 
degree towards the temperature of the circumambient 
air, but remains conflantly at 32 , or the temperature 
of melting ice, till the laft portion of ice be completely 
melted. 

This phenomenon is readily explained ; as, to melt 
ice, or reduce it to water, it requires to be combined 
with a certain portion of caloric, the whole caloric at- 
tracted from the furrounding bodies, is arrefted or fixed 
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at the furface or external layer of ice which it is em- 
ployed to diffolve, and combines with it to form water; 
the next quantity of caloric combines with the fecond 
layer to diffolve it into water, and fo on fucceffively till 
the whole ice be diffolved, or converted into water, by 
combination with caloric ; the very laft atom flill re- 
maining at its former temperature, becaufe the caloric 
could never penetrate fo far, while any intermediate ice 
remained to melt, or to combine with. 

Upon thefe principles, if we conceive a hollow fphere 
of ice at the temperature of 3 2° placed in an atmof- 
phere of 54.5°) and containing a Jubilance at any de- 
gree of temperature above freezing ; it follows, That 
the heat of the external atmofphere cannot penetrate 
into the internal hollow of the fphere of ice ; and, 
That the heat of the body which is placed in the hollow 
of the fphere cannot penetrate outwards beyond it, but 
will be flopped at the internal furface, being continu- 
ally employed to melt fucceffive layers of ice, until the 
temperature of the body be reduced to 32 , by having 
all its fuperabundant caloric above that temperature 
carried off to melt the ice. If the whole water, form- 
ed within the fphere of ice during the reduction of the 
temperature of the included body to 32°, be carefully 
collected, the weight of the water will be exa&Iy pro- 
portional to the quantity of caloric loft by the body, in 
paffing from its original temperature to that of melting 
ice ; for it is evident that a double quantity of caloric 
would have melted twice the quantity of ice. Hence 
the quantity of ice melted is a very exact meafure of 
the proportional quantity of caloric employed to pro- 
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dure that effect, and confequently of the -quantity loft 
by the only fubftance that could pofllbly have fupplied 
it. 

I have made this fuppofition, of what would take 
place in a hollow fphere of ice, for the purpofe of more 
readily explaining the method ufed in this fpecies of 
experiment, which was firft conceived by Mr. de la 
Place. It would be difficult to procure fuch fpheres of 
ice, and inconvenient to make ufe of them when got ; 
but, by means of the following apparatus, we have re- 
medied that defect. I acknowledge the name of Calo- 
rimeter, which I have given it, as derived partly from 
Greek, and partly from Latin, is in fome degree open 
to criticifm ; but, in matters of fcience, a flight devia- 
tion from flri£t etymology, for the fake of giving dif- 
tin&nefs of idea, is excufable ; and I could not derive 
the name entirely from Greek without approaching 
too near to the names of known inflruments employed 
for other purpofes. 

The calorimeter is reprefented in PI. VI. It is mown 
in perfpedive at Fig. i, and its interior ftru&ure is en- 
graved at Fig. 2, and 3; the former being a horizontal, 
and the latter a perpendicular fection. Its capacity or ca- 
vity is divided intothree parts, which, for better diftinc- 
tion, I fliall name the interior, middle, and external cavi- 
ties the interior cavity ffff, Fig. 4, into which the fub- 
ftances fubmitted to experiment are put, is compofed 
of a grating or cage of iron-wire, fupported by feveral 
iron-bars ; its opening or mouth LM, is covered by 
the lid HG, which is compofed of the fame materials. 
The middle cavity b b b b, Fig. 2 and 3, is intended to 
contain the ice which furrounds the interior cavity, 
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and which is intended to be melted by the caloric of 
the fubflances employed in the experiment. The 
ice is fupported by the grate m m at the bottom of 
the cavity, under which is placed the fieve n n. Thefe 
two are reprefented feparately in Fig. 5 and 6. 

In proportion as the ice contained in the middle 
cavity is melted, by the caloric difengaged from the 
body placed in the interior cavity, the water runs 
through the grate and fieve, and falls through the co- 
nical funnel c c d, Fig. 3, and the tube x y, into the re- 
ceiver F, Fig. 1 . This water may be retained or let 
out at pleafure, by means of the flop-cock u. The ex- 
ternal cavity a a a a, Fig. 2 and 3, is filled with ice, to 
prevent any effe£t upon the ice in the middle cavity 
from the heat of the furrounding air ; and the water 
produced from it is carried off through the pipe ST, 
which fhuts by means of ihe flop-cock r. The whole 
machine is covered by the lid FF, Fig, 7, which is 
made of tin, and painted with oil colour, to prevent 
rufl. 

When this machine is employed, the middle cavity 
b b b 6, Fig. 2, and 3, the lid GH, Fig. 4, of the interior 
cavity, the external cavity a a a a, Fig. 2 and 3, and 
the general lid FF, Fig. 7, are all filled with pounded 
ice, well rammed, fo that no void fpaces remain, and 
the ice of the middle cavity is allowed to drain. The 
machine is then opened, and the fubflance fubmitted 
to the experiment being placed in the interior cavity, 
it is inflantly clofed. After waiting till the included 
body is completely cooled to the freezing point, and 
the whole melted ice has drained from the middle ca- 
vity, the water collected in the veffel F. Fig. 1, is accu- 
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rately weighed. The weight of the water produced 
during the experiment is an exact meafure of the calo- 
ric difengaged during the cooling of the included body, 
as this fubftance is evidently in a fimilar fituation with 
the one formerly mentioned as included in a hollow 
fphere of ice. The whole caloric difengaged from the 
included body is flopped by the ice in the middle cavity, 
and that ice is preferved from being affected by any 
other heat by means of the ice contained in the general 
lid, Fig. 7, and in the external cavity. Experiments 
of this kind generally laft from fifteen to twenty hours, 
but they are fometimes accelerated by covering up the 
fubftance in the interior cavity with well-drained ice, 
which haftens its cooling. 

The fubftances to be operated upon are placed in the 
thin iron-bucket, Fig. 8, the cover of which has an 
opening fitted with a cork, into which a fmall thermo- 
meter is fixed. When we ufe acids, or other fluids ca- 
pable of injuring the metal of the inftruments, they are 
contained in the matrafs, Fig. 9, which has a fimilar 
thermometer in a cork fitted to its mouth, and which 
flands in the interior cavity upon the fmall cylindrical 
fupport RS, Fig. 10. 

It is abfolutely requifite that there be no communi- 
cation between the external and middle cavities of the 
calorimeter, otherwife the ice melted by the influence 
of the furrounding air, in the external cavity, would 
mix with the water produced from the ice of the middle 
cavity, which would no longer be a meafure of the ca- 
loric loft by the fubftance fubmitted to experiment. 

When the temperature of the atmofphere is only a 
few degrees above the freezing point, its heat can, hard- 
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ly reach the middle cavity, being arretted by the ice 
of the cover, Fig. 7, and of the external cavity ; but 
if the temperature of the air be under the degreee of 
freezing, it might cool the ice contained in the middle 
cavity, by caufing the ice in the external cavity to fall, 
in the firfl place, below 32 . It is therefore eflential, 
that this experiment be carried on in a temperature 
fomewhat above freezing. Hence, in time of froft, the 
calorimeter mutt be kept in an apartment carefully 
heated. It is likewife neceflary, that the ice employed 
be not under 32 ; for which purpofe it mutt be pound- 
ed, and fpread out thin for fome time, in a place where 
the temperature is higher. 

The ice of the interior cavity always retains a certain 
quantity of water adhering to its furface, which may 
be fuppofed to belong to the refult of the experiment ; 
but as, at the beginning of each experiment, the ice is 
.already faturated with as much water as it can contain, 
if any of the water produced by the caloric mould re- 
mained attached to the ice, it is evident that very 
nearly an equal quantity of what adhered to it before 
the experiment mutt have run down into the veflel 
F in its ftead ; for the inner furface of the ice in the 
middle cavity is very little changed during the experi- 
ment. 

By any contrivance that could be devifed, we could 
not prevent the accefs of the external air into the inte- 
rior cavity, when the atmofphere was at 52 or 54°. 
The air confined in the cavity being in that cafe fpeci- 
jfically heavier than the external air, efcapes downwards 
through the pipe x y, Fig. 3, and is replaced by the 
warmer external air, which, giving out its caloric to 

3 c 
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the ice, becomes heavier, and fiiiks in its turn ; thus, a 
current of air is formed through the machine, which 
is the more rapid in proportion as the external air ex- 
ceeds the internal in temperature. This current of 
warm air muft melt a part of the ice, and injure the ac- 
curacy of the experiment. We may, Jn a great de- 
gree, guard again ft this fource of error, by keeping 
the flop-cock u continually fhut, but it is better to 
operate only when the temperature of the external air 
does not exceed 39, or at mod 41 , for we have ob- 
ferved, that, in this cafe, the melting of the -ii f erior 
ice by the atmofpheric air is perfectly infenfible ; fo 
we may anfwer for the accuracy of our experiments 
upon the fpecific heat of bodies to a fortieth part. 

We have had two of thefe machines made ; one, 
which is intended for fuch experiments as do not re- 
quire the interior air to be renewed, is formed precifely 
according to the defcription here given ; the other, 
which anfwers for experiments upon combuftion, ref- 
piration, &c. in which frefh quantities of air are indif- 
penfably neceffary, differs from the former in having 
two fmall tubes in the two lids, by which a current of 
atmofpheric air may be blown into the interior cavity 
of the machine. ^ 

It is extremely eafy, with this apparatus, to deter- 
mine the phenomena which occur in operations where 
caloric is either difengaged or abforbed. If we wifh, 
for inftance, to afcertain the quantity of caloric which 
is difengaged from a folid body in cooling a certain 
number of degrees, let its temperature be firft raifed 
to 2 1 2 , it is then placed in the interior cavity////, 
Fig. 2 and 3, of the calorimeter, and allowed to remain 
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till we are certain that its temperature is reduced to 3 2 ; 
the water produced by melting the ice during its cool- 
ing is colleded, and carefully weighed; and this 
weight, divided by the volume of the body fubmitted to 
experiment, and multiplied into the degrees of tempe- 
rature which it had above 32 at the commencement 
of the experiment, g'ves the proportion of what the 
Englifli philofophers call fpecific heat. 

Fluids are contained in proper veffels, whofe fpecific 
heat has been previoufly afcertained, and are operated 
upon in the machine in the fame manner as directed 
for folids, taking care to deduct, from the quantity of 
water melted during the experiment, the proportion 
which belongs to the fpecific heat of the containing 
veffel. 

If the quantity of caloric difengaged during the com- 
bination of different fubftances, is to be determined, 
thefe fubftances are to be previoufly reduced to the 
freezing degree by keeping them a fufficient time fur- 
rounded with pounded ice ; the mixture is then to be 
made in the inner cavity of the calorimeter, in a proper 
veffel likewife reduced to 32 ; and they are kept in- 
clofed until the temperature of the combination has re- 
turned to the fame degree : The quantity of water pro- 
duced is a meafure of the caloric difengaged during the 
combination. 

To determine the quantity of caloric difengaged dur- 
ing combuflion, and during animal refpiration, the 
combuftible bodies are burnt, or the animals are made 
to breathe, in the interior cavity, and the water produc- 
ed is carefully collected. Guinea pigs, which refift 
the effects of cold extremely well, are well adapted for 
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this experiment. As the continual renewal of air is 
abfolutely neceflary in fuch experiments, we blow 
frefhair into the interior cavity of the calorimeter 
by means of a pipe deflined for that purpofe, and allow 
it to efcape through another pipe of the fame kind ; 
and that the heat of this air may not produce errors in 
the refults of the experiments, the tube which conveys 
it into the machine is made to pafs through pounded 
ice, that it may be reduced to 3 2° before it arrives at 
the calorimeter. The air which efcapes mull likewife 
be made to pafs through a tube furrounded with ice, 
included in the interior cavity of the machine, and the 
water which is there produced mutt make a part of 
what is collected, becaufe the caloric difengaged from 
this air is part of the product of the experiment. 

It is fomewhat more difficult to determine the fpecific 
caloric contained in the different gafes, on account of 
their fmall degree of denfity ; for, if they are only 
placed in the calorimeter in veifelslike other fluids, the 
quantity of ice melted is fo fmall, that the refult of the 
experiment becomes at bed very uncertain. For this 
fpecies of experiment we have contrived to make the 
air pafs through two metallic worms, or fpiral tubes ; 
one of thefe, through which the air paffes, and be- 
comes heated in its way to the calorimeter, is con- 
tained in a veffel full of boiling water, and the other, 
through which the air circulates within the calorimeter 
to difengage its caloric, is placed in the interior cavity, 
////•> °f tnat machine. By means of a fmall thermo- 
meter placed at one end of the fecond worm, the tem- 
perature of the air, as it enters the calorimeter, is de- 
termined, and its temperature in getting out of the 
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interior cavity is found by another thermometer placed 
at the other end of the worm. By this contrivance 
we are enabled to afcertain the quantity of ice melted 
by determinate quantities of air or gas, while lofing a 
certain number of degrees of temperature, and, confe- 
quently, to determine their feveral degrees of fpecific 
caloric. The fame apparatus, with fome particular 
precautions, may be employed to afcertain the quantity 
of caloric difengaged by the condenfation of the vapours 
of different liquids. 

The various experiments which may be made with 
the calorimeter do not afford abfolute conclufions, but 
only give us the meafure of relative quantities ; 
we have therefore to fix a unit, or flan dard point, from 
whence to form a fcale of the feveral refults. The 
quantity of caloric neceffary to melt a pound of ice has 
been chofen as this unit ; and, as it requires a pound 
of water of the temperature of i6y° to melt a pound 
of ice, the quantity of caloric expreffed by our unit or 
ftandard point, is what raifes a pound of water from 
3 2° to 167 . When this unit is once determined, we 
have only to exprefs the quantities of caloric difengag- 
ed from different bodies, by cooling a certain number 
of degrees, in analogous values : The following is an 
eafy mode of calculation for this purpofe, applied to 
one of our earlieft experiments. 

We took 7 lib. 11 oz. 2 gros. 36 grs. of plate iron, 
cut into narrow flips, and rolled up, or exprefTing the 
quantity in decimals, 7.7070319 libs. Thefe being 
heated in a bath of boiling water to about 207. 5 , were 
quickly introduced into the interior cavity of the calo- 
rimeter : At the end of eleven hours, when the whole 
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quantity of water melted from the ice had thoroughly 
drained off, we found that 1. 109795 pounds of ice 
were melted. Hence, the caloric difengaged from the 
iron by cooling 1 75. 5 having melted 1. 109795 pounds 
of ice, How much would have been melted by cooling 
1 35 ? This queftion gives the following ftatement in 
direct proportion, 175-5, i,io 9795 : : l 35 : * == 
0.85384. Dividing this quantity by the weight of the 
whole iron employed, viz. 7.7070319, the quotient 
0.1109 is the quantity of ice which would have been 
melted by one pound of iron while cooling through 135 
degrees of temperature. 

Fluid fubftances, fuch as fulphuric and nitric acids, 
&c. are contained in a matrafs, PI. VI, Fig. 9, having 
a thermometer adapted to the cork, with its bulb im- 
merfed in the liquid. The matrafs is placed in a bath 
of boiling water, and when, from the thermometer, we 
judge the liquid is raifed to a proper temperature, the 
matrafs is placed in the calorimeter. The calculation 
of the products, to determine the fpecific caloric of 
thefc fluids, is made as above directed, taking care to 
deduct from the water obtained the quantity which 
would have been produced by the matrafs alone, which 
mud be afcertained by a previous experiment. The 
table of the refults obtained by thefe experiments is 
omitted, becaufe not yet fufficiently complete, different 
circumflances having occafioned the feries to be inter- 
rupted : it is not, however, loft fight of, and we are 
lefs or more employed upon the fubject every winter. 
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CHAPTER IV. 

Of Mechanical Operations for the Divifion of Bodies, 



SECT. I. 

Of Trituration, Levigation, and Pulverization. 

THESE are, properly fpeaking, only preliminary 
mechanical operations for dividing and feparating the 
particles of bodies, and reducing them into very fine 
powder. Thefe operations can never reduce fubftan- 
ces into their primary, or elementary and ultimate par- 
ticles ; they do not even deftroy the aggregation of 
bodies ; for every particle, after the mod accurate tri- 
turation, forms a fmall whole, refembling the original 
mafs from which it was divided. The real chemical 
operations, on the contrary, fuch as folution, deftroy 
the aggregation of bodies,' and feparate their condim- 
ent and integrant particles from each other. 

Brittle fubflances are reduced to powder by means 
of peftles and mortars. Thefe are of brafs or iron, PI. 
I, Fig. i ; of marble or granite, Fig. 2 ; of lignum 
vita;, Fig. 3 ; of glafs, Fig. 4 ; of agate, Fig. 5 ; or 
of porcelain, Fig. 6. The peftles for each of thefe are 
reprefented in the plate, immediately below the mor- 
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tars to which they refpe&ively belong, and are made of 
hammered iron or brafs, of wood, glafs, porcelain, 
marble, granite, or agate, according to the nature of 
the fubftances they are intended to triturate. In every 
laboratory, it is requifite to have an aflbrtment of thefe 
utenfils, of various fizes and kinds : Thofe of porcelain 
and glafs can only be ufed for rubbing fubftances to 
powder, by a dexterous ufe of the peftle round the 
fides of the mortar, as it would be eafily broken by rei- 
terated blows of the peftle. 

The bottom of mortars ought to be made in form 
of a hollow fphere, and their fides mould have fuch a 
denree of inclination as to make the fubftances they 
contain fall back to the bottom when the peftle is lift- 
ed, but not fo perpendicular as to collecl: them too 
much together, otherwife, too large a quantity would 
get below the peftle, and prevent its operation. For 
this reafon, likewife, too large a quantity of the fub- 
ftance to be powdered ought not to be put into the 
mortar at one time ; and we muft from time to time 
get rid of the particles already reduced to powder, by 
means of fieves to be afterwards defcribed. 

The mod ufual method of levigation is by means 
of a flat table ABCD, PI. I, Fig. 7, made of porphyry, 
or fome other ftone of a fimilar hardnefs ; on this the 
fubftance to be reduced to powder is fpread, and is 
then bruifed and rubbed by a muller M, of the fame 
hard materials, the bottom of which is made a fmall 
portion of a large fphere ; and, as the muller tends 
continually to drive the fubftances towards the fides of 
the table, a thin flexible knife, or fpatula of iron, horn, 
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wood, or ivory, is ufed for bringing them back to the 
middle of the (tone. 

In large works, this operation is performed by means 
of large rollers of hard (tone which turn upon each 
other, either horizontally, in the way of corn-mills, 
or by one vertical roller turning upon a flat (lone. In 
the above operations, it is often requifite to moiflen 
the fubflances a little, to prevent the fine powder from 
flying off. 

There are many bodies which cannot be reduced 
to powder by any of the foregoing methods ; fuch are 
fibrous fubflances, as woods, fuch fubflances as are 
tough and elaftic, as the horns of animals, elaftic gum, 
&c. and the malleable metals, which flatten under the 
peftle, inftead of being reduced to powder. For reduc- 
ing the woods to powder, rafps, as in PI. I, Fig. 8, are 
employed ; files of a finer kind are ufed for horn ; and 
flill finer, PI. I, Fig. 9 and 10, for metals. 

Some of the metals, though not brittle enough to 
powder under the peftle, are too foft to be filed, as 
they clog the file, and prevent its operation. Zinc is 
one of thefe, but it may be powdered when hot, in a 
heated iron mortar, or it may be rendered brittle, by 
alloying it with a fmall quantity of mercury. One or 
other of thefe methods is ufed by fire- work makers for 
producing a blue flame by means of zinc. Metals may 
be reduced into grains, by pouring them when melted 
into water, which method ferves very well when they 
are not wanted in fine powder. 

Fruits, potatoes, &c. of a pulpy and fibrous nature, 
may be reduced to pulp by means of the grater, PI. I, 
Fig. 11. 

3 D 
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The choice of the different fubftances of which thefe 
inftruments are made is a matter of importance ; brafs 
or copper are unfit for operations upon fubftances to 
be ufed as food or in pharmacy ; and marble or me- 
tallic inftruments muft not be ufed for acid fubftances ; 
hence mortars of very hard wood, and thofe of porce- 
lain, granite, or glafs, are of great utility in many 
operations. 



SECT. II. 

Of Sifting and Wafhing Powdered Subjlances. 

None of the mechanical operations, employed for 
reducing bodies to powder, is capable of producing it 
of an equal degree of finenefs throughout ; the pow- 
der obtained by the longeft and moft accurate tritura- 
tion being ftill an affemblage of particles of various 
fizes. The coarfer of thefe are removed, fo as only to 
leave the finer and more homogeneous particles, by 
means of fieves, PI. i, Fig. 12, 13, 14, 15, of different 
fineneffes, adapted to the particular purpofes they are 
intended for ; all the powdered matter which is larger 
than the interftices of the fieve remains behind, and is 
again fubmitted to the peftle, while the finer paffes 
through. The fieve Fig. 12, is made of haircloth or 
of filk-gauze ; and the one reprefented Fig. 13, is of 
parchment pierced with round holes of a proper fizej 
this latter is employed in the manufacture of gun- 
powder. When very fubtile or valuable materials are 
to be fifted, which are eafily difperfed, or when the 
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finer parts of the powder may be hurtful, a compound 
fieve, Fig. 15, is made ufe of, which confifts of the 
fieve ABCD, with a lid EF, and receiver GH ; thefe 
three parts are reprefented as joined together for ufe, 
Fig. 14. 

There is a method of procuring powders of an uni- 
form finenefs, confiderably more accurate than the 
fieve ; but it can only be ufed with fuch fubftances as 
are not a&ed upon by water. The powdered fubftance 
is mixed and agitated with water, or any other con- 
venient fluid ; the liquor is allowed to fettle for a few 
moments, and is then decanted off ; the coarfer pow- 
der remains at the bottom of the veffel, and the finer 
paffes over with the liquid. By repeated decantations 
in this manner, various fediments are obtained of dif- 
ferent degrees of finenefs ; the lad fediment, or that 
which remains longeft fufpended in the liquor, being 
the finelt. This procefs may likewife be ufed with 
advantage for feparating fubftances of different de- 
grees of fpecific gravity, though of the fame finenefs ; 
this laft is chiefly employed in mining, for feparating 
the heavier metallic ores from the lighter earthly matters 
with which they are mixed. 

In chemical laboratories, pans and jugs of glafs or 
earthenware, are employed for this operation ; fome- 
times for decanting the liquor without diflurbing the 
fediment, the glafs fyphon ABCHI, PI. II, Fig. 11, is 
ufed, which may be fupported by means of the perfor- 
ated board DE, at the proper depth in the veffel FG, 
to draw off all the liquor required into the receiver LM. 
The principles and aplication of this ufeful inftriiment 
are fo well known, as to need no explanation. 
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SECT. III. 



Of Filtration. 

A filtre is a fpecies of very fine fieve, which is perme- 
able to the particles of fluids, but through which the 
particles of the fined: powdered folids are incapable of 
paffing ; hence its ufe in feparating fine powders from 
fufpenfion in fluids. In pharmacy, very clofe and fine 
woollen cloths are chiefly ufed for this operation ; thefe 
are commonly formed in a conical fhape, PI. II, Fig. 2, 
which has the advantage of uniting all the liquor which 
drains through into a point A, where it may be readily 
collected in a narrow mouthed veflel. In large phar- 
maceutical laboratories, this filtering bag is ftretched 
upon a wooden ftand, PI. II, Fig. 1. 

For the purpofes of chemiftry, as it is requifite to 
have the filtres perfectly clean, unfized paper is fub- 
flituted inflead of cloth or flannel ; through this fub- 
ftance, no folid body, however finely it be powdered, 
can penetrate, and fluids percolate through it with the 
greateft readinefs. As paper breaks eafily when wet, 
various methods of fupporting it are ufed according 
to'circumftances. When a large quantity of fluid is 
to be filtrated, the paper is fupported by the frame of 
wood, PI. II, Fig. 3, ABCD, having a piece of coarfe 
cloth ftretched over it, by means of iron-hooks. This 
cloth muft be well cleaned each time it is ufed, or even 
new cloth mud be employed, if there is reafon to fuf- 
peft its being impregnated with any thing which can 
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injure the fubfequent operations. In ordinary o- 
perations, where moderate quantities of fluid are 
to be filtrated, different kinds of glafs funnels 
are ufed for fupporting the paper, as reprefent- 
ed PI. II, Fig. 5, 6, and 7. When feveral filtrations 
muft be carried on at once, the board or fhelf AB, Fig. 
9, fupported upon ftands C and D, and pierced with 
round holes, is very convenient for containing the 
funnels. 

Some liquors are fo thick and clammy, as not to be 
able to penetrate through paper without fome previous 
preparation, fuch as clarification by means of white of 
eggs, which, being mixed with the liquor, coagulates 
when brought to boil, and entangling the greater part 
of the impurities of the liquor, rifes with them to the 
furface in the ftate of fcum. Spirituous and vinous 
liquors may be clarified in the fame manner by means 
of ifmglafs diffolved in water, which coagulates by the 
action of the alcohol, without the afliftance of heat. 

As moft of the acids are produced by diftillation, 
and are confequently clear, we have rarely any occa- 
fion to filtrate them ; but if, at any time, concentrated 
acids require this operation, it is impofiible to employ 
paper, which would be corroded and deflroyed by the 
acid. For this purpofe, pounded glafs, or rather quartz 
or rock-cry ftal broke in pieces, and grofsly powdered, 
anfwers very well ; a few of the larger pieces are put 
in the neck of the funnel, thefe are covered with the 
fmaller pieces, the finer powder is placed over all, and 
the acid is poured on at top. For the ordinary pur- 
pofes of fociety, river water is frequently filtrated by 
means of clean-wafhed fand, to feparate its impurities, 
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or by means of certain porous flones, called filtering 
ftones, cut into a convenient form. 



SECT. IV. 

Of Decantation. 

This operation is often fubftituted, inftead of filtra- 
tion, for feparating folid fubftances which are diffufed 
through liquors. Thefe are allowed to fettle in coni- 
cal veffels, ABCDE, PI, II, Fig. 10, the diffufed mat- 
ters gradually fubfide, and the clear fluid is gently 
poured off. If the fediment be extremely light, and 
apt to mix again with the fluid by the flighted motion, 
the fyphon, Fig. 2 1 , is ufed inftead of decantation, for 
drawing off the clear fluid. 

In experiments, where the weight of the precipitate 
mult be rigoroufly afcertained, decantation is prefera- 
ble to filtration, providing the precipitate be feveral 
times wafhed in a confiderable proportion of water. 
The weight of the precipitate may indeed be afcertain- 
ed, by carefully weighing the filtre before and after the 
operation ; but, when the quantity of precipitate is 
fmall, the different proportions of moifture retained by 
the paper, in a greater or lefler degree of exficcatkm, 
may prove a material fource of error, which ought care- 
fully to be guarded againft. 
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CHAPTER V. 



Of Chemical Means for feparating the Particles of Bodies 
from each other ^ without Decompojition, and for unit- 
ing them again. 

I HAVE already fhewn that there are two methods 
of dividing the particles of bodies, the mechanical and 
chemical. The former only feparates a folid mafs into 
a great number of fmaller mafles ; and for thefe pur- 
pofes various fpecies of forces are employed, according 
to circumstances, fuch as the ftrength of man or of 
animals, the weight of water applied through the means 
of hydraulic engines, the expanfive power of fleam, 
the force of the wind, &c. By all or any of thefe me- 
chanical powers, however, we can never reduce fub- 
ftances into powder beyond a certain degree of fine- 
nefs ; and the fmalleft particle produced in this way, 
though it feems very minute to our organs, is Hill in 
fact a mountain, when compared with the ultimate 
elementary particles of the pulverized fubftance. 

The chemical agents, on the contrary, divide bodies 
into their primitive particles. If, for inftance, a neu- 
tral fait be a&ed upon by thefe, it is divided, as far as 
poffible, without ceafing to be a neutral fait. In this 
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Chapter, I mean to give examples of this kind of divi- 
fion of bodies, to which I fhall add fome account of the 
relative operations. 



SECT. I. 

Of the Solution of Salts. 

In chemical language, the terms oi folution and dif- 
folution have been long confounded, and have very 
improperly been indifcriminately employed for expref- 
fing both the divifion of the particles of a fait in a fluid 
fuch as water, and the divifion of a metal in an acid. 
A few reflections upon the effects of thefe two opera- 
tions will fuffice to fhow that they ought not to be 
confounded together. In the folution of falts, the fa- 
line particles are only feparated from each other, while 
neither the fait nor the water are at all decompofed; for 
we are able to recover both the one and the other in 
the fame quantity as before the operation. The fame 
thing takes place in the folution of refms in alcohol. 
During metallic diffolutions, on the contrary, a de- 
compofition, either of the acid, or of the water which 
dilutes it, always takes place ; the metal combines with 
oxygen, and is changed into an oxyd, and a gafeous 
fubltance is difengaged ; fo that in reality none of the 
fubftances employed remain, after the operation, in 
the fame ftate they were in before. This article is en- 
tirely confined to the confideration of folution. 
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To underftand properly what takes place during the 
folution of falts, it is neceffary to know, that, in mod. 
of thefe operations, two diftincl: effects are complicated 
together, viz. folution by water, and folution by caloric; 
and, as the explanation of mod of the phenomena 
of folution depends upon the diftin&ion of thefe two 
circumftances, I fhall enlarge a little upon their na- 
ture. 

Nitrat of potafh, ufually called nitre or faltpetre, 
contains very little water of cryflallization, perhaps 
even none at all ; yet this fait liquifies in a degree of 
heat very little fuperior to that of boiling water. This 
liq*ifa£tion cannot therefore be produced by means 
of the water of cryflallization, but in confequence of 
the fait being very fufible in its nature, and from its 
paffing from the folid to the liquid ftate of aggregation, 
when but a little raifed above the temperature of boil- 
ing water. All falts are in this manner fufceptible of 
being liquified by caloric, but in higher or lower degrees 
of temperature. Some of thefe, as the acetitesof pot- 
afh and foda, liquify with a very moderate heat, while 
others, as fulphat of potafh, or of lime, &c. require 
the ftrongeft fires we are capable of producing. This 
liquifa&ion of falts by caloric produces exactly the fame 
phenomena with the melting of ice; it is accomplished 
in each fait by a determinate degree of heat, which 
remains invariably the fame during the whole time of 
the liquification. Caloric is employed, and becomes 
fixed during the melting of the fait, and is, on the 
contrary, difengaged when the fait coagulates. Thefe 
are general phenomena, which univerfally occur dur- 
ing the paflage of every fpecies of fubftance from the 

3 E 
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iblid to the fluid ftate of aggregation, and from fluid 
to folid. 

Thefe phenomena, arifmg from folution by caloric, 
are always lefs or more conjoined with thofe which 
take place during folutions in water. We cannot pour 
water upon a fait, on purpofe to diflblve, it without 
employing a compound folvent, both water and calo- 
ric ; hence we may diflinguifh feveral different cafes 
of folution, according to the nature and mode of exift- 
ence of each fait. If, for inftance, a fait be difficultly 
foluble in water, and readily fo by caloric, it evidently 
follows, that this fait will be fcantily foluble in cold 
water, and confiderably in hot water ; fuch is nitrat 
of potafli, and more efpecially oxygenated muriat of 
potafh. If another fait be little foluble both in water 
and caloric, the difference of its folubility in cold and 
warm water will be very inconfiderable ; fulphat of 
lime is of this kind. From thefe confiderations, it 
follows, that there is a neceffary relation between the 
following circumflances ; the folubility of a fait in 
cold water, its folubility in boiling water, and the de- 
gree of temperature at which the fame fait liquifies by 
caloric, nnaflifted by water ; and that the difference of 
folubility in hot and cold water is fo much greater in 
proportion to its ready folution in caloric, or in pro- 
portion to its fufceptibility of liquifying in a low degree 
of temperature. 

The above is a general view of folution ; but, for 
want of particular facts, and fufficiently exact experi- 
ments, it is ftill nothing more than an approximation 
towards a particular theory. The means of complet- 
ing this part of chemical fcience is extremely fimple ; 
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we have only to afcertain how much of each fait is 
diffolved by a certain quantity of water at different 
degrees of temperature ; and as, by the experiments 
publifhed by Mr. de la Place and me, the quantity of 
caloric contained in a pound of water at each degree 
of the thermometer is accurately known, it will be very 
eafy to determine, by fimple experiments, the propor- 
tion of water and caloric required for foiution by each 
fait, what quantity of caloric is abforbed by each at 
the moment of liquifattion, and how much is difenga- 
gaged at the moment of cryitallization. Hence the 
reafon why falts are more rapidly foluble in hot than 
in cold water is perfectly evident. In all folutions of 
falts, caloric is employed ; when that is furnifhed in- 
termediately from the furrounding bodies, it can only 
arrive flowly to the fait ; whereas this is greatly acce- 
lerated when the requifite caloric exifts ready combin- 
ed with the water of foiution. 

In general, the fpecific gravity of water is augment- 
ed by holding falts in foiution ; but there are fome 
exceptions to the rule. Some time hence, t^ e quan- 
tities of radical, of oxygen, and of bafe, which confti- 
tute each neutral fait, the quantity of water and caloric 
neceffary for foiution, the increafed fpecific gravity 
communicated to water, and the figure of the element- 
ary particles of the cryflals, will all be accurately 
known. From thefe all the circumftances and pheno- 
mena of crystallization will be explained, and by thefe 
means this part of chemiftry will be completed. Mr. 
Seguin has formed the plan of a thorough investiga- 
tion of this kind, which he is extremely capable of 
executing. 
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The folution of falts in water requires no particular 
apparatus ; fmall glafs-phials of different fizes, PI. II, 
Fig. 1 6 and 17, pans of earthen-ware, A, Fig. 1 and 
2, long-necked matrafles, Fig. 14, and pans or bafons 
of copper or of filver, Fig. 13 and 15, anfwer very- 
well for thefe operations. 



SECT. II. 



Of Lixiviation. 



This is an operation ufed in ehemiftry and manufac- 
tures for feparating fubflances which are foluble in wa- 
ter from fuch as are infoluble. The large vat or tub, 
PI. II, Fig. 12, having a hole D near its bottom, con- 
taining a wooden fpigot and folfet, or metallic ftop- 
cock DE, is generally ufed for this purpofe. A thin 
ftratum of draw is placed at the bottom of the tub ; 
over this, the fubftance to be lixiviated is laid and co- 
vered by a cloth, then hot or cold water, according to 
the degree of folubility of the faline matter, is poured 
on. When the water is fuppofed to have diffolved all 
the faline parts, it is let off by the flop-cock ; and, as 
fome of the water charged with fait neceffarily adheres 
to the ftraw and infoluble matters, feveral frefh quan- 
tities of water are poured on. The draw ferves to fe- 
cure a proper paffage for the water, and may be com- 
pared to the flraws or glafs rods ufed in filtrating, to 
keep the paper from touching the fides of the funnel. 
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The cloth which is laid over the matters under lixivi- 
ation prevents the water from making a hollow in thefe 
fubftances where it is poured on, through which it 
might efcape without acting upon the whole mafs. 

This operation is lefs or more imitated in chemical 
experiments ; but as in thefe, efpecially with analyti- 
cal views, greater exa&nefs is required, particular pre- 
cautions muft be employed, fo as not to leave any faline 
or foluble part in the refiduum. More water muft be 
employed than in ordinary lixiviations, and the fub- 
ftances ought to be previoufly flirred up in the water 
before the clear liquor is drawn off, otherwise the 
whole mafs might not be equally lixiviated, and fome 
parts might even efcape altogether from the action of 
the water. We muft likewife employ frefh portions of 
water in confiderable quantity, until it comes off en- 
tirely free from fait, which we may afcertain by means 
of the hydrometer formerly defcribed. 

In experiments with fmall quantities, this operation 
is conveniently performed in jugs or matraffes of glass, 
and by filtrating the liquor through psper in a glafs- 
funnel. When the fubftance is in larger quantitv, it 
may be lixiviated in a kettle of boiling water, and fil- 
trated through paper fupported by cloth in a wooden 
frame, PI. II. Fig. 3, and 4 ; and operations in the 
large way, the tub already mentioned muft beufed. 
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SECT. III. 



Of Evaporation. 

This operation is ufed for feparating two fubftances 
from each other, of which one at lead mufl be fluid, 
and whofe degrees of volatility are confiderably differ- 
ent. By this means we obtain a fait, which has been 
diffolved in water in its concrete form ; the water, by 
heating, becomes combined with caloric, which renders 
it volatile, while the particles of the fait being brought 
nearer to each other, and within the fphere of their 
mutual attraction, unite into the folid flate. 

As it was long thought that the air had great influ- 
ence upon the quantity of fluid evaporated, it will be 
proper to point out the errors which this opinion has 
produced. There certainly is a conftant flow evapora- 
tion from fluids expofed to the free air ; and, though 
this fpecies of evaporation may be confidered in fome 
degree as a folution in air yet caloric has a consider- 
able influence in producing it, as is evident from the 
refrigeration which always accompanies this procefs ; 
hence we may confider this gradual evaporation as a 
compound folution made partly in air, and partly in 
caloric. But the evaporation which takes place from 
a fluid kept continually boiling, is quite different in its 
nature, and in it the evaporation produced by the action 
of the air is exceedingly inconfiderable in comparifon 
with that which is occafioned by caloric. This latter 
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fpecies may be termed vaporization rather than evapo- 
ration. This procefs is not accelerated in proportion 
to the extent of evaporating furface, but in proportion 
to the quantities of caloric which combine with the 
fluid. Too free a current of cold air is often hurtful 
to this procefs, as it tends to carry off caloric from the 
water, and confequently retards its converfion into va- 
pour. Hence there is no inconvenience produced by 
covering, in a certain degree, the veflels in which li- 
quids are evaporated by continual boiling, provided the 
covering body be of fuch a nature as does not ftrongly 
draw off the caloric, or, to ufe an expreflion of Dr. 
Franklin's, provided it be a bad conductor of heat. In 
this cafe, the vapours efcape through fuch opening as 
is left, and at leaft as much is evaporated, frequently 
more than when free accefs is allowed to the external 
air. 

As during evaporation the fluid carried off by calo- 
ric is entirely loft, being facrificed for the fake of the 
fixed fubflances with which it was combined, this pro- 
cefs is only employed where the fluid is of fmall value, 
as water, for inftance. But, when the fluid is of 
more confequence, we have recourfe to diftillation, in 
which procefs we preferve both the fixed fubftance and 
the volatile fluid. The veflels employed for evapora- 
tion are bafons or pans of copper, filver or lead, PI. II, 
Fig. 13, and 15, or capfules of glafs, porcelain, or 
ftone-ware, PI. II, A, Fig. 1 and 2, PI. Ill, Fig. 3 and 
4. The beft utenfils for this purpofe are made of the 
bottoms of glafs-retorts and matrafies, as their equal 
thinnefs renders them more fit than any other kind of 



Bo ELEMENTS OF CHEMISTRY. 

glafs-vcfTel for bearing a brifk fire, and fudden alter- 
ations of heat and cold, without breaking. 

As rhe method of cutting thefe glafs vefiels is no 
where defcribed in books, I mail here give a defcrip- 
tion of it, that they may be made by chemifls for 
themfelves out of fpoiled matrafies, and recipients, at 
a much cheaper rate than any which can be procured 
from glafs manufacturers. The inflrument, PI. Ill, 
Fig. 5, confifting of an iron ring AC, fixed to the rod 
AB, having a wooden handle D, is employed as fol- 
lows : Make the ring red hot in the fire, and put it 
upon the matrafs G,Fig 6, which is to be cut. When 
the glafs is fufficiently heated, throw on a little cold 
water ; and it will generally break exactly at the cir- 
cular line heated by the ring. 

Small flafks or phials of thin glafs are exceeding 
good veffels for evaporating fmall quantities of fluid. 
They are very cheap, and fland the fire remarkably. 
One or more of thefe may be placed upon a fecond 
grate above the furnace, PI. Ill, Fig. 2, where they 
will only experience a gentle heat. By this means a 
great number of experiments maybe carried on at one 
time. A glafs-retort, placed on a fand-bath, and co- 
vered with a dome of baked earth, PI. Ill, Fig. 1, an- 
fwers pretty well for evaporation ; but in this way it 
is always confiderably flower, and is even liable to ac- 
cidents ; as the fand heats unequally, and the glafs 
cannot dilate in the fame unequal manner, the retort 
is very liable to break. Sometimes the fand ferves 
exactly the office of the iron-ring formerly mentioned j 
for, if a fingle drop of vapour, condenfed into liquid, 
happens to fall upon the heated part of the veffel, it 
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breaks circularly at that place. When a very intenfe 
fire is neceflary, earthen crucibles may be ufed ; but 
we generally ufe the word evaporation to exprefs what 
is produced by the temperature of boiling water, or 
not much higher. 



SECT. IV. 
Of Cryftallization. 

In this procefs, the integrant parts of a folid body, 
feparated from each other by the intervention of a 
fluid, are made to exert the mutual attraction of aggre- 
gation, fo as to coalefce and reproduce a folid mafs. 
When the particles of a body are only feparated by 
caloric, and the fubflance is thereby retained in the 
liquid ftate, all that is neceflary for making it cryftal- 
lize, is to remove a part of the caloric which is lodged 
between its particles, or, in other words, to cool it. 
If this refrigeration be flow, and the body be at the 
fame time left at reft, its particles affume a regular 
arrangement, and cryftallization, properly fo called, 
takes place ; but, if the refrigeration is made rapidly, 
or if the liquor be agitated at the moment of its paflage 
to the concrete ftate, the cryftallization is irregular and 
confufed. 

The fame phenomena occur with watery folutions, 
or rather in thofe made partly in water, and partly by 
caloric. So long as there remains a fufficiency of 
water and caloric to keep the particles of the body 
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afunder beyond the fphere of their mutual attraction, 
the fait remains in the fluid flate ; but whenever either 
caloric or water is not prefent in fuffici(*nt quantity, 
and the attraction of the particles for each other be- 
comes fuperior to the power which keeps them afun- 
der, the fait recovers its concrete form, and the 
cryftals produced are the more regular in proportion 
as the evaporation has been flower and more tranquilly 
performed. 

All the phenomena we formerly mentioned as taking 
place during the folution of falts, occur in a contrary 
fenfe during their cryftallization. Caloric is difen- 
gaged at the inftant of their afluming the folid flate, 
which furnifhes an additional proof of fait being held 
in folution by the compound action of water and ca- 
loric. Hence to caufe falts to cryftallize which readily 
liquefy by means of caloric, it is not fufficient to carry 
off the water which held them in folution, but the ca- 
loric united to them muft likewife be removed. Nitrat 
of potafli, oxygenated muriat of potafli, alum, fulphat 
of foda, &c. are examples of this circumftance, as, to 
make thefe falts cryftallize, refrigeration muft be added 
to evaporation. Such falts, on the contrary, as require 
little caloric for being kept in folution, and which, from 
that circumftance, are almoft equally foluble in cold 
and warm water, are cryftallizable by fimply carrying 
off the water which holds them in folution, an d eyen re- 
cover their folid ftate in boiling water ; fuch are ful- 
phat of lime, muriat of potafli and of foda, and feveral 
others. 

• The art of refining faltpetre depends upon thefe pro- 
perties of falts, and upon their different degrees of folu- 
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bility in hot and cold water. This fait, as produced in 
the manufactories by the firft operation, is compofed of 
many different falts ; fome are deliquefcent, and not 
fufceptible of being cryftallized, fuch as the nitrat alid 
muriat of lime ; others are almoft equally foluble in 
hot and cold water, as the muriats of potafh and of 
foda ; and laftly, the faltpetre, or nitrat of potafh, is 
greatly more foluble in hot than it is in cold water. 
The operation is begun by pouring upon this mixture 
of falts,as much water as will hold, even the leafl foluble, 
the muriats of foda and of potafh, in folution ; fo long- 
as it is hot, this quantity readily diffolves all the falt- 
petre, but upon cooling, the greater part of this fait 
cryflallizes, leaving about a fixth part remaining dif- 
folved, and mixed with the nitrat of lime and the two 
muriats. The nitre obtained by this procefs is f till 
fomewhat impregnated with other falts, becaufe it has 
been cryftallized from water in which thefe abound : 
It is completely purified from thefe by a fecond folu- 
tion in a fmall quantity of boiling water and fecond 
cryftallization. The water remaining after thefe cryf- 
tallizations of nitre is flill loaded with a mixture of 
faltpetre, and other falts. By farther evaporation, 
crude faltpetre, or rough-petre, as the workmen call 
it, is procured from it : and this is purified by two frefh 
folutions and cryftallizations. 

The deliquefcent earthy falts which do not con- 
tain the nitric acid are rejected in this manufacture ; 
but thofe which confift of that acid neutralized by an 
earthy bafe are diffolved in water, the earth is precipi- 
tated by means of potafh, and allowed to fubfide ; the 
clear liquor is then decanted, evaporated, and allowed 
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to cryftallize. The above management for refining 
faltpetre, may ferve as a general rule for feparating 
falts from each other, which happen to be mixed toge- 
ther. The nature of each mult be confidered, the 
proportion in which each diffolves in given quantities 
of water, and the different folubility of each in hot and 
cold water. If to thefe we add the property which 
fome falts poffefs, of being foluble in alcohol, or in a 
mixture of alcohol and water, we have many refources 
for feparating falts from each other by means of cryf- 
tallization, though it mufl be allowed, that it is ex- 
tremely difficult to render this feparation perfectly 
complete. 

The veffels ufed for cryftallization are pans of ear- 
thenware, A, PI. II, Fig. i and 2, and large fiat dimes, 
PI. Ill, Fig. 7. When a faline folution is to be expof- 
ed to a flow evaporation in the heat of the atmofphere, 
with free accefs of air, veffels of fome depth, PI. Ill, 
Fig. 3, mufl be employed, that there may be a confi- 
derable body of liquid ; by this means the cryflals pro- 
duced are of confiderable fize, and remarkably regu- 
lar in their figure. 

Every fpecies of fait cryflallizes in a peculiar form, 
and even each fait varies in the form of its cryflals, 
according to circumflances, which take place during 
cryftallization. We mufl not from thence conclude, 
that the faline particles of each fpecies are indetermi- 
nate in their figures : The primitive particles of all 
bodies, efpecially of falts, are perfectly conflant in their 
fpecific forms ; but the cryflals which form in our ex- 
periments are compofed of congeries of minute parti- 
cles, which, though perfectly equal in fize and fhape, 
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may affume very diffimilar arrangements, and confe- 
quently produce a vaft variety of regular forms, which 
have not the fmalleft apparent refemblance to each 
other, nor to the original cryftal. This fubjecl: has 
been very ably treated by the Abbe Haiiy, in Several 
memoirs prefented to the Academy, and in his work 
upon the ftructure of cryftals ; It is only neceffary to 
extend generally to the clafs of falts the principles he 
has particularly applied to fome cryitallized ftones. 

SECT. V. 

Of Simple Diftillation. 



As diftillation has two diftin£t objects to accomplifh, 
it is divifible into fimple and compound ; and, in this 
fection, I mean to confine myfelf entirely to the for- 
mer. When two bodies, of which one is more volatile 
than the other, or has more affinity to caloric, are fub- 
mitted to diftillation, our intention is to feparate them 
from each other : The more volatile fubflance affumes 
the form of gas, and is afterwards condenfed by refri- 
geration in proper veffels. In this cafe diftillation, 
like evaporation, becomes a fpecies of mechanical ope- 
ration, which feparates two fubftances from each other 
without decompofing or altering the nature of eith 
In evaporation, our only objecl: is to preferve the f 
body, without paying any regard to the volatile matter ; 
whereas, in diftillation, our principal attention is gene- 
rally paid to the volatile fubftance, unlefs when we in- 
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tend to preferve both the one and the other. Hence, 
fnnple diftillation is nothing more than evaporation 
produced in clofe veflels. 

The mod fimple diftilling veffel is a fpecies of bottle 
or matrafs, A, PI. Ill, Fig. 8, which has been bent from 
its original form BC to BD, and is then called a retort ; 
when ufed, it is placed either in a reverberatory fur- 
nace, PI. XIII, Fig. 2, or in a fand-bath under a dome 
of baked earth, PI. Ill, Fig. i . To receive and condenfe 
the products we adapt a recipient, E, PI. Ill, Fig. 9, 
which is luted to the retort. 

Sometimes, more efpecially in pharmaceutical ope- 
rations, the glafs or (lone ware cucurbit, A, with its 
capital B, PI. Ill, Fig. 1 2, or the glafs alembic and ca- 
pital, Fig. 13, of one piece, is employed. This latter 
is managed by means of a tubulated opening T, fitted 
with a ground (topper of cryftal ; the capital, both of 
the cucurbit and alembic, has a furrow or trench r r, 
intended for conveying the condenfed liquor into the 
beak rS, by which it runs out. As, in almoft all dif- 
tillations, expanfive vapours are produced, which might 
burft the veffels employed, we are under the neceffity 
of having a fmall hole, T, Fig. 9, in the balloon or re- 
cipient, through which thefe may find vent ; hence, in 
this way of diftilling, all the products which are per- 
manently aeriform are entirely loft, and even fuch as 
difficultly lofe that ftate have not fufficient fpace to 
condenfe in the balloon : This apparatus is not, there- 
fore, proper for experiments of inveftigation, and can 
only be admitted in the ordinary operations of the la- 
boratory, or in pharmacy. In the article appropriated 
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for compound diftillation, I mail explain the various 
methods which have been contrived for preferving the 
whole products from bodies in this procefs. 

As glafs or earthen veflels are very brittle, and do 
not readily bear fudden alterations of heat and cold, 
every well-regulated laboratory ought to have one or 
more alembics of metal for diftilling water, fpirituous 
liquors, efTential oils, &c. This apparatus confifts of 
a cucurbit and capital of tinned copper or brafs, PI. 
Ill, Fig. 15 and 16, which, when judged proper, may 
be placed in the water-bath D, Fig. 17. In diftilla- 
tion, efpecially of fpirituous liquors, the capital mud 
be furnifhed with a refrigeratory, SS, Fig. 16, kept 
continually filled with cold water ; when the water 
becomes heated, it is let off by the ftop-cock R, and 
renewed with a frefh fupply of cold water. As the 
fluid diftilled is converted into gas by means of caloric 
furnifhed by the fire of the furnace, it is evident that 
it could not condenfe, and, confequently,that no diftil- 
lation, properly fpeaking, could take place, unlefs it is 
made to depofite in the capital all the caloric it receiv- 
ed in the cucurbit ; with this view, the fides of the 
capital rauft always be preferved at a lower tempera- 
ture than is neceflary for keeping the diftilling fub- 
ftance in the ftate of gas, and the water in the refrige- 
ratory is intended for this purpofe. Water is convert- 
ed into gas by the temperature of 212% alcohol by 
182. 75 , and ether by 104 ; hence thefe fubftances 
cannot be diftilled, or rather they will fly off in the 
ftate of gas, unlefs the temperature of the refrigeratory 
be kept under thefe refpe&ive degrees. 
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In the diftillation of fpirituous, and other expanfive 
liquors the above-defcribed refrigeratory is not fufficient 
for condenfing all the vapours which arife ; in this 
cafe, therefore, inftead of receiving the diftilled liquor 
immediately from the beak TU, of the capital into a 
recipient, a worm is interpofed between them. This 
inftrument is reprefented PI. Ill, Fig. 18, contained 
in a worm-tub of tinned copper ; it confifts of a me- 
tallic tube bent into a confiderable number of fpiral 
revolutions. The veffel which contains the worm is 
kept full of cold water, which is renewed as it grows 
warm. This contrivance is employed in all diflilieries 
of fpirits, without the intervention of a capital and re- 
frigeratory, properly fo called. The one reprefented 
in the plate is furnifhed with two worms, one of them 
being particularly appropriated to diflillations of odori- 
ferous fubftances. 

In fome fimple diflillations it is neceffary to interpofe 
an adopter between the retort and receiver,as fhewn PI. 
Ill, Fig. 1 1 . This may ferve two different purpofes ; 
either to feparate two produces of different degrees of 
volatility ; or to remove the receiver to a greater dif- 
tance from the furnace, that it may be lefs heated. 
But thefe, and feveral other more complicated inftru- 
ments of ancient contrivance, are far from producing 
the accuracy requifite in modern chemiftry, as will be 
readily perceived when I come to treat of compound 
diftillation. 
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" In confequence of the duties on the Scottifh diftil- 
leries having lately been collected by an annual 'urn, pro- 
portional to the contents of the dill, it has been found 
profitable to hurry the. procefs as much as poffible ; 
and, for this purpofe, the (tills have been made excef- 
fively broad and (hallow, with very lofty heads : By 
the breadth and (hallownefs, the caloric of the fuel acls 
very quickly, having much furface, and little refiftance 
of incumbent liquid ; and the height of this head pre- 
vents any part of the undiltilled liquid from boiling 
over. In this way, it is found that the contents of large 
(tills may be diftilled off with aftonifhing quicknefs ; 
perhaps confiderably above 200 times every twenty- 
four hours." — T. 



SECT. VI. 

Of Sublimation. 

This term is applied to thediftillationoffubftances which 
condenfe in a concrete or folid form, fuch as the fublima- 
tionof fulphur,and of muriat of ammoniac orfal-ammoni- 
ac. Thefe operations may be conveniently performed in 
the ordinary diftilling veffels already defcribed, though, 
in the fublimation of fulphur, a fpecies of veffels, nam- 

3 6 



9© ELEMENTS OF CHEMISTRY. 

ed Alludels, have been ufually employed. Thefe are 
veflels of ftone or porcelain ware, which adjuft to each 
other over a cucurbit containing the fulphur to be fub- 
limed. One of the bed fubliming veflels, for fubftances 
which are not very volatile, is a flafk or phial of 
glafs, funk about two thirds into a fand-bath ; but in 
this way we are apt to lofe a part of the produces. 
When thefe are wifhed to be entirely preferved, we 
muft have recourfe to the pneumato-chemica 1 diftilling 
apparatus, to be defcribed in the following chapter. 
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CHAPTER VI. 



Of Pneumato-chemkal Di/lillations, Metallic Diffolutwii, 
andfome other Operations which require very compl't- 
cated lnflruments. 



SECT. I. 

Of Compound and Pneumaio-chemical Difiillations . 

IN the preceding chapter, I have only treated of dis- 
tillation as a fimple operation, by which two fubftances, 
differing in their degrees of volatility, may be Se- 
parated from each other ; but diftillation often actually 
decompofes the fubftances fubmitted to its action, and 
becomes one of the mod complicated operations in 
chemiftry. In every diftillation, the fubftance diftilled 
muft be brought to the ftate of gas, in the cucurbit or 
retort, by combination with caloric : In fimple diftilla- 
tion, this caloric is given out in the refrigeratory or 
in the worm, and the fubftance again recovers its li- 
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quid or folid form ; but the fubflances fubmitted to 
compound diftillation are abfolutely decompounded 5 
one part, as for inflance the carbon they contain, re- 
mains fixed in the retort, and all the reft of the ele- 
ments are reduced to gafes of different kinds. Some 
of thefe gafes are fufceptible of being condenfed, and 
of recovering their folid or liquid forms, while others 
are permanently aeriform; one- part of thefe are ab- 
forbable by water, fome by the alkalies, and others are 
not fufceptible of being abforbed at all. An ordinary 
diflilling apparatus, fuch as has been defcribed in the 
preceding chapter, is quite infufficient for retaining or 
for feparating thefe diverfified products, and we are obli- 
ged to have recourfe, for this purpofe, to methods of a 
more complicated nature. 

The apparatus I am about to defcribe is calculated 
for the moft complicated diftillations., and may be fim- 
plified or extended according to circumftances. It 
confifls of a tubulated glafs-retort A, PI. IV, Fig. 1, 
having its beak fitted to a tubulated balloon or recipi- 
ent BC ; to the upper orifice D of the balloon a bent 
tube DE/^ is adjufted, which, at its other extremity g f 
is plunged into the liquor contained in the bottle L, 
with three necks xxx. Three other fimilar bottles are 
connected with this fii-ft one, by means of three fimilar 
bent tubes difpofed in the fame manner, and the far- 
theft neck of the laft bottle is connected with a jar in 
a pneumato-chemical apparatus, by means of a bent 
tube*. A determinate weight of diftilled water is 

* The reprcfentation of this apparatus, PI. IV, Fig. r, will convey amuch 
better idea of its Uifpofition than can poliibly be given by the molt laboured 
deferirtior.— T. 






ELEMENTS OF CHEMISTRY. 93 

ufually put into the firft bottle, and the other three 
have each a folution of pure potafh in water. The 
weight of thefe bottles, and of the water and alkaline 
folution they contain, mud be accurately afcertained. 
Every thing being thus difpofed, the junctures between 
the retort and recipient, and of the tube D of the lat- 
ter, muft be luted with fat lute, covered over with flips 
of linen, fpread with lime and white of eggs ; all the 
other junctures are to be fecured by a lute made of 
wax and rofin melted together. 

When all thefe difpofitions are completed, and 
when, by means of heat applied to the retort A, the 
fubftance it contains becomes decompofed, it is evident 
that the leaft volatile products muft condenfe or fub- 
lime in the beak or neck of the retort itfelf, where 
moft of the concrete fubflances will fix themfelves. 
The more volatile fubflances, as the lighter oils, am- 
moniac, and feveral others, will condenfe in the reci- 
pient GC, whilft the gafes, which are not fufceptible 
of condenfation by cold, will pafs on by the tubes, and 
boil up through the liquors in the feveral bottles. 
Such as are abforbable by water will remain in the 
firft bottle, and thofe which pure alkali can abforb will 
remain in the others ; while fuch gafes as are not fuf- 
ceptible of abforption, either by water or alkalies, will 
efcape by the tube RM, at the end of which they may 
be received into jars in a pneumato-chemical appara- 
tus. The carbon and fixed earth, &c. which form the 
fubftance or refiduum, anciently called caput mortuum, 
remain behind in the retort. 

In this manner of operating, we have always a very 
material proof of the accuracy of the analyfis, as the 
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whole weights of the produces taken together, after the 
procefs is finifhed, mud be exactly equal to the weight 
of the original fubftance fubmitted to diftillation. 
Hence, for inftance, if we have operated upon eight 
ounces of flarch or gum arabic, the weight of the 
charry refidu'um in the retort, together with that of all 
the produces gathered in its neck and the balloon, and 
of all the gas received into the jars by the tube RM 
added to the additional weight acquired by the bottles, 
mud, when taken together, be exactly eight ounces. 
If the product, be lefs or more, it proceeds from error, 
and the experiment mufl be repeated until a fatisfac- 
tory refult be procured, which ought not to differ 
more than fix or eight grains in the pound from 
the weight of the fubftance fubmitted to experiment. 

In experiments of this kind, I for a long time met 
with an almoft infurmountable difficulty, which mufl 
at laft have obliged me to defifl altogether, but for a 
very fimple method of avoiding it, pointed out to me 
by Mr. Haffenfratz. The fmallefl diminution in the 
heat of the furnace, and many other circumftances infe- 
parable from this kind of experiments, caufe frequent 
reabforptions of gas : when this occurs, the water in the 
ciftern of the pneumato-chemical apparatus ruihes into 
the laft bottle through the tube RM ; the fame cir- 
cumftance happens from one bottle into another, and 
the fluid is often forced even into the recipient C. 
This accident is prevented by ufing bottles h ving three 
necks, as reprefented in the plate, into one of which 
in each bottle, a capillary glafs-tube St, st, st, st, is 
adapted, fo as to have its lower extremity / immerfed 
in the liquor. If any absorption takes place either in 
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the retort, or in any of the bottles, a fufficient quantity 
of external air enters, by means of thefe tubes, to 
fill up the void ; and we get rid of the inconvenienc e 
at the price of having a fmall portion of common air 
mixed with the products of the experiment, which is 
thereby prevented from failing altogether. Though 
thefe tubes admit the external air, they cannot permit 
any of the gafeous fubftances to efcape, as they are 
always fhut below by the water of the bottles. 

It is evident that, in the courfe of experiments with 
this . apparatus, the liquor of the bottles mult rife in 
thefe tubes in proportion to the preflure fuflained by 
the gas or air contained in the bottles ; and this pref- 
fure is determined by the height and gravity of the 
column of fluid contained in all the fubfequent bottles ; 
If we fuppofe that each bottle contains three inches of 
fluid, and that there are three inches of water in the 
ciilern of the connected apparatus above the orifice of 
the tube RM, and allowing the gravity of the fluids 
to be only equal to that of that water, it follows that 
the air in the firft bottle mud fuftain a preflure equal 
to twelve inches of water ; the water mull therefore 
rife twelve inches in the tube S, connected with the 
firft bottle, nine inches in that belonging to the fecond, 
fix inches in the third, and three in the laft ; wherefore 
thefe tubes mufl be made fomewhat more than twelve, 
nine, fix, and three inches long reflectively, allowance 
being made for ofcillatory motions, which often take 
place in the liquids. It is fometimes neceffary to in- 
troduce a fimilar tube between the retort and recipi- 
ent ; and as the tube is not immerfed in fluid at its 
lower extremity, until fome has collected in the pro- 
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grefs of the diftillation, its upper end muft be fliut at 
firft with a little lute, fo as to be opened according to 
necefiity, or after there is fufficient liquid in the recipi- 
ent to fecure its lower extremity. 

This apparatus cannot be ufed in very accurate ex- 
periments, when the fubflances intended to be operated 
upon have a very rapid action upon each other, or when one 
of them can only be introduced in fmall fucceflive por- 
tions, as in fuch as produce violent effervefcence when 
mixed together. In fuch cafes, we employ a tubu- 
lated retort A, PI. VII, Fig. 1, into which one of the 
fubflances is introduced, preferring always the folid 
body, if any fucb is to be treated, we then lute to the 
opening of the retort a bent tube BCDA, terminating 
at its upper extremity B in a funnel, and at its other 
end A in a capillary opening The fluid material of 
the experiment is poured into the retort by means of 
this funnel, which muft be made of fuch a length, from 
B to C, that the column of liquid introduced may 
counterbalance the refiflance produced by the liquors 
contained in all the bottles, PI. IV, Fig. 1. 

Thofe who have not been accuftomed to ufe the 
above defcribed diflilling apparatus, may perhaps be 
flartled at the great number of openings which require 
luting, and the time neceffary for making all the pre- 
vious preparations in experiments of this kind. It is 
very true that, if we take into account all the necef- 
fary weighing of materials and products, both before 
and after the experiments, thefe preparatory and fuc- 
ceeding fteps require much more time and attention 
than the experiment itfelf. But, when the experi- 
ment fucceeds properly, we are well rewarded for all 
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the time and trouble bellowed, as by one procefs car- 
ried on in this accurate manner, much more juit and 
extenfive knowledge is acquired, of the nature of the 
vegetable or animal fubftance thus fubmitted to invef- 
tigation, than by many weeks afliduous labour in the 
ordinary method of proceeding. 

When in want of bottles with three orifices, thofe 
with two may be ufed ; it is even poffible to introduce 
all the three tubes at one opening, fo as to employ ordi- 
nary wide-mouthed bottles, provided the opening be 
fufficiently large. In this cafe we muft carefully fit the 
bottles with corks very accurately cut, and boiled in a 
mixture of oil, wax, and turpentine. Thefe corks are 
pierced with the neceffary holes for receiving the 
tubes, by means of a round file, as in PI. IV, Fig. 8. 



SECT. II. 



Of Metallic Diffblutions. 

I have already pointed out the difference between 
folution of falts in water and metallic diffolutions. 
The former requires no particular veffels, whereas the 
latter requires very complicated veffels of late inven- 
tion that we may not lofe any of the produces of the 
experiment, and may thereby procure truly conclufive 
refults of the phenomena which occur. The metals, 
in general, difiblve in acids with effervefcence, which 
is only a motion excited in the folvent by the difen- 

3 H 
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gagement of a great number of bubbles of air or aeri- 
form fluids, which proceed from the furface of the 
metal and break at the furface of the liquid. 

Mr. Cavendifh and Dr. Prieftley were the firft in- 
ventors of a proper apparatus for collecting thefe elaf- 
tic fluids. That of Dr. Prieftley is extremely fimple 
and confifts of a bottle A, PI. VII, Fig. 2, with its 
cork B, through which pafles the bent glafs-tube BC, 
which is engaged under a jar filled with water in the 
pneumato-chemical apparatus, or fimply in a bafon 
fall of water. The metal is firft introduced into the 
bottle, the acid is then poured over it, and the bottle 
is inftantly clofed with its cork and tube, as reprefented 
in the plate. But this apparatus has its inconveni- 
ences. When the acid is much concentrated, or the 
metal much divided, the effervefcence begins before 
we have time to cork the bottle properly, and fome 
gas efcapes, by which we are prevented from afcer- 
taining the quantity difengaged with rigorous exact- 
nefs. In the next place, when we are obliged to em- 
ploy heat, or when heat is produced by the procefs, a 
part of the acid diftils, and mixes with the water of 
the pneumato-chemical apparatus, by which means we 
are deceived in our calculation of the quantity of acid 
decompofed. Befides thefe, the water in the ciftern 
of the apparatus abforbs all the gas produced which is 
fufceptible of abforption, and renders it impoflible to 
collect thefe without lofs. 

To remedy thefe inconveniences, I at firft ufed a 
bottle with two necks, PI. VII, Fig. 3, into one of 
which the glafs-funnel BC is luted fo as to prevent any 
air efcaping ; a glafs rod DE is fitted with emery to 
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the funnel, fo as to ferve the purpofe of a flopper. 
When it is ufed the matter to be diffolved is firfl intro- 
duced into the bottle, and the acid is then permitted 
to pafs in as flowly as we pleafe, by raifing the glafs- 
rod gently as often as is neceflary until faturation is 
produced. 

Another method has been fince employed, which 
ferves the fame purpofe, and is preferable to 
the lafl defcribed in fome inftances. This confifls in 
adapting to one of the mouths of the bottle A, PI. 
VII, Fig. 4, a bent tube DEFG, having a capillary 
opening at D, and ending in a funnel at G. This 
tube is fecurely luted to the mouth C of the bottle. 
When any liquid is poured into the funnel, it falls 
down to F ; and, if a fufficient quantity be added, it 
paffes by the curvature E, and falls flowly into the 
bottle, fo long as frefh liquor is fupplied at the funnel. 
The liquor can never be forced out of the tube, and no 
gas can efcape through it, becaufe the weight of the 
liquid ferves the purpofe of an accurate cork. 

To prevent any diftillation of acid, efpecially in dif- 
folutions accompanied with heat, this tube is adapted 
to the retort A, PI. VII, Fig. i, and a fmall tubulated 
recipient M, is applied, in which any liquor which may 
diftil is condenfed. On purpofe to feparate any gas 
that is abforbable by water, we add the double-necked 
bottle L, half filled with a folution of pure potafh : 
the alkali abforbs any carbonic acid gas, and ufually 
only one or two other gafes pafs into the jar of the 
connected pneumato-chemical apparatus through the 
tube N O. In the firfl chapter of this third part we 
have directed how thefe are to be feparated and exa- 
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mined. If one bottle of alkaline folution be not thought 
fufficient, two, three, or more, may be added. 



SECT. III. 



apparatus necejfary in Experiments upon Vinous and 
Putrefaclive Fermentations, 



For thefe operations, a peculiar apparatus, efpecially 
intended for this kind of experiment, is requifne. The 
one I am about to defcribe was finally adopted, as the 
befl calculated for the purpofe, after numerous correc- 
tions and improvements. It confifls of a large ma- 
trafs, A, PI. X, Fig. i, holding about twelve pints, 
with a cap of brafs a b, ftrongly cemented to its mouth, 
and into which is fcrewed a bent tube c d, furnifhed 
with a flop-cock e. To this tube is joined the glafs, 
recipent B, having three openings, one of which com- 
municates with the bottle C, placed below it. To the 
poflerior opening of this recipient is fitted a glafs-tube 
g h i, cemented at g and /' to collets of brafs, and in- 
tended to contain a very deliquefcent concrete neutral 
fait, fuch as nitrat or muriat of lime, acetite of potafh, 
&c. This tube communicates with two bottles D and 
E, filled to x and y, with a folution of pure potafh. 

All the parts of this machine are joined together by 
accurate fcrews, and the touching parts have greafed 
leather interpofed, to prevent any pafiage of air. 
Each piece is like wife furnifhed with two flop-cocks, 



ELEMENTS OF CHEMISTRY. IOI 

by which its two extremities may be clofed, fo that we 
can weigh each feparately at any period of the opera- 
tion. 

The fermentable matter, fuch as fugar, with a proper 
quantity of yeaft, and diluted with water, is put into 
the matrafs. Sometimes, when the fermentation is too 
rapid, a considerable quantity of froth is produced, 
which not only fills the neck of the matrafs, but paffes 
into the recipient, and from thence runs down into 
the bottle C. On purpofe to colled this fcum and 
rauft, and to prevent it from reaching the tube filled 
with deliquefcent falts, the recipient and connected 
bottle are made of considerable capacity. 

In the vinous fermentation, only carbonic acid gas is 
difengaged, carrying with it a fmall proportion of water 
in folution. A great part of this water is depofited in 
paffing through the tubeg h /, which is filled with a deli- 
quefcent fait in grofs powder, and the quantity is af- 
certained by the augmentation of the weight of the 
fait. The carbonic acid gas bubbles up through the 
alkaline folution in the bottle D, to which it is con- 
veyed by the tube k I m. Any fmall portion which 
may not be abforbed by this firft bottle, is fecured by 
the folution in the fecond bottle E, fo that nothing, in 
general, paifes into the jar F, except the common air 
contained in the veflels at the commencement of the 
experiment. 

The fame apparatus anfwers extremely well for ex- 
periments upon the putrefactive fermentation ; but, in 
this cafe, a confiderable quantity of hydrogen gas is dif- 
engaged through the tube q r s t z/, by which it is con- 
veyed into the jar F ; and, as this difengagement is very 
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rapid, efpecially in fummcr, the jar mud be frequently- 
changed. Thefe putrefactive fermentations require 
conftant attendance from the above circumftance, 
whereas the vinous fermentation hardly needs any. 
By means of this apparatus, we can afcertain, with great 
precifion, the weights of the fubftances fubmitted to 
fermentation, and of the liquid and aeriform products 
which are difengaged. What has been already faid in 
Part I, Chap. XIII, upon the produ&s of the vinous 
fermentation, may be confulted. 



SECT. IV. 

apparatus for the Decompofition of Water. 



Having already given an account, in the firft part 
of this work, of the experiments relative to the de- 
compofition of water, I (hall avoid any unneceffary 
repetitions, and only give a few fummary observa- 
tions upon the fubject in this fection. The principal 
fubftances which have the power of decompofing wa- 
ter, are iron and charcoal ; for which purpofe, they 
require to be made red hot, otherwise the water is 
only reduced into vapour, and condenfes afterwards 
by refrigeration, without fuftaining the fmalleft altera- 
tions. In a red heat, on the contrary, iron or charcoal 
carry off the oxygen from its union with hydrogen ; in 
the firft cafe, black oxyd of iron is produced, and the 
hydrogen is difengaged pure in form of gas j in the other 
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cafe, carbonic acid gas is formed, which difengages, 
mixed with the hydrogen gas, and this latter is com- 
monly carbonated, or holds carbon in folution. 

A mufket-barrel, without its breach-pin, anfwers ex- 
ceedingly well for the decompofition of water, by 
means of iron, and one mould be chofen of confider- 
able length, and pretty ftrong. When too fhort, fo as 
to run the rifque of heating the lute too much, a tube of 
copper muft be ftrongly foldered to one end. The bar- 
rel is placed in a long furnace, CDEF, PL VII, Fig. 1 1, 
fo as to have a few degrees of inclination from E to F ; 
a glafs retort A, is luted to the upper extremity E, 
which contains water, and is placed upon the furnace 
VVXX. The lower extremity F is luted to a worm 
SS, which is connected with the tubulated bottle H, in 
which any water diftilled without decompofition, dur- 
ing the operation, collects, and the difengaged gas is 
carried by the tube KK to jars in a pneumato-chemical 
apparatus. Inflead of the retort, a funnel may be em- 
ployed, having its lower part fhut by a flop-cock, 
through which the water is allowed to drop gradually 
into the gun-barrel. Immediately upon getting into 
contact with the heated part of the iron, the water is 
converted into fteam, and the experiment proceeds in 
the fame manner as if it were furnifhed in vapours from 
the retort. 

In the experiment made by Mr. Meufnier and me 
before a committee of the Academy, we ufed every 
precaution to obtain the greateft poflible precifion in 
the refult of our experiment, having even exhaufted 
all the veffels employed before we began, fo that the 
hydrogen gas obtained might be free from anv mix- 
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ture of azotic gas. The refults of that experiment 
will hereafter be given at large in a particular memoir. 
In numerous experiments, we are obliged to ufe 
tubes of glafs, porcelain, or copper, inftead of gun- 
barrels ; but glafs has the difadvantage of being eafily 
melted and flattened, if the heat be in the fmalleft de- 
gree raifed too high ; and porcelain is moftly full of 
fmall minute pores, through which the gas efcapes, 
efpecially when compreffed by a column of water. 
For thefe reafons I procured a tube of brafs, which 
Mr. de la Briche got caft and bored out of the folid 
for me at Strafburg, under his own inflection. This 
tube is extremely convenient for decompofing alcohol, 
which refolves into carbon, carbonic acid gas, and 
hydrogen gas ; it may likewife be ufed with the fame 
advantage for decompofing water by means of char- 
coal, and in a great number of experiments of this 
nature. 



ELEMENTS OF CHEMISTRY. IO 



5 



CHAPTER VII. 

Of the Compofition and Application of Lutes. 

THE neceflity of properly fecuring the junctures of 
chemical veflels, to prevent the efcape of any of the 
products of experiments, muft befufficiently apparent ; 
for this purpofe lutes are employed, which ought to 
be of fuch a nature as to be equally impenetrable to 
the moft fubtile fub fiances as glafs itfelf, through which 
only caloric can efcape. 

This firft object of lutes is very well accomplifhed 
by bees wax, melted with about an eighth part of tur- 
pentine. This lute is very eafily managed, flicks very 
clofely to glafs, and is very difficultly penetrable ; it 
may be rendered more confiflent, and lefs or more 
hard or pliable by adding different kinds of refinous 
matters. Though this fpecies of lute anfwers ex- 
tremely well for retaining gafes and vapours, there are 
many chemical experiments which produce confider- 
able heat, by which this lute becomes liquefied, and 
confequently the expanfive vapours mufl very readily 
force through and efcape. 

For fuch cafes, the following fat lute is the befl 
hitherto difcovered, though not without its difadvan- 
tages, which fliall be pointed out. Take very pure 

3 1 
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and dry unbaked clay, reduced to a fine powder ; put 
this into a brafs mortar, and beat it for ieveral hours 
with a heavy iron peftle, dropping in flowly fome boil- 
ed lintfeed oil ; this is oil which has been oxygenated, 
and has acquired a drying quality by being boiled with 
litharge. This lute is more tenacious, and applies 
better, if amber varnifh be ufed inflead of the above 
oil; To make this varnifh, melt fome yellow amber in 
an iron ladle, by which operation it lofes a part of its 
fuccinic acid, and effential oil, and mix it with lintfeed 
oil. Though the lute prepared with this varnifh is 
better than that made with boiled oil, as its additional 
expence is hardly compenfated by its fuperior quality, 
it is feldom ufed. 

The above fat lute is capable of fuftaining a very 
violent degree of heat, is impenetrable by acids and 
fpiritous liquors, and adheres exceedingly well to 
metals, flone-ware, or glafs, providing they have been 
previoufly rendered perfectly dry. But if, unfortun- 
ately, any of the liquor in the courfe of an experiment 
gets through, either between the glafs and the lute, or 
between the layers of the lute itfelf, fo as to moiften the 
part, it is extremely difficult to clofe the opening. 
This is the chief inconvenience which attends the ufe 
of fat lute, and perhaps the only one it is fubject to. 
As it is apt to foften by heat, we mud furround all 
the junctures with flips of wet bladder applied over 
the luting, and fixed on by pack-thread tied round both 
above and below the joint ; the bladder, and confe- 
quently the lute below, muft be farther fecured by a 
number of turns of pack-thread all over it By thefe 
precautions, we are free from every danger of accident ; 
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and the junctures fecured in this manner may be con- 
fidered, in experiments, as hermetically fealed. 

It frequently happens, that the figure of the junc- 
tures prevents the application of ligatures, which is 
the cafe with the three-necked bottles formerly defcrib- 
ed ; and it even requires great addrefs to apply the 
twine without making the apparatus ; fo that, where 
a number of junctures require luting, we are apt to 
difplace feveral while fecuring one. In thefe cafes, 
we may fubftitute (lips of linen, fpread with white of 
egg and lime mixed together, inftead of the wet blad- 
der. Thefe are applied while ftill moift, and very 
fpeedily dry and acquire considerable hardnefs. Strong 
glue diffolved in water may anfvver inftead of white of 
egg. Thefe fillets are ufefully applied likewife over 
jun&ures luted together with wax and rofin. 

Before applying a lute, all the junctures of the veffels 
mud be accurately and firmly fitted to each other, fo 
as to admit of being moved. If the beak of a retort is 
to be luted to the neck of a recipient, they ought to fit 
pretty accurately ; otherwife we muft fix them by in- 
troducing fhort pieces of foft wood, or of cork. If the 
difproportion between the two be very considerable, 
we muft employ a cork which fits the neck of the re- 
cipient, having a circular hole of proper dimenfions to 
admit the beak of the retort. The fame precaution is 
neceflary in adapting bent tubes to the necks of 
bottles in the apparatus reprefented PI. IV, Fig. i, and 
others of a Similar nature. Each mouth of each bot- 
tle muft be fitted with a cork, having a hole made with 
a round file of a proper fize for containing the tube. 
And, when one mouth is intended to admit two or 
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more tubes, which frequently happens when we have 
not a fufficient number of bottles with two or three 
necks, we muft ufe a cork with two or three holes, 
PI. IV, Fig. 8. 

When the whole apparatus is thus folidly joined, fo 
that no part can play upon another, we begin to lute. 
The lute is foftened by kneading and rolling it between 
the ringers, with the affiftance of heat, if neceffary. It 
is rolled into little cylindrical pieces, and applied to the 
junctures, taking great care to make it apply clofe, 
and adhere firmly, in every part ; a fecond roll is ap- 
plied over the firft, Yo as to pafs it on each fide, and fo 
on till each juncture be fufficiently covered j after this, 
the flips of bladder, or of linen, as above directed, muft 
be] carefully applied over all. Though this operation 
may appear extremely fimplc, yet it requires peculiar 
delicacy and management ; great care muft be taken 
not to difturb one juncture whilft luting another, and 
more efpecially when applying the fillets and ligatures. 

Before beginning any experiment, the clofeneTs of 
the luting ought always to be previoufly tried, either 
by flightly heating the retort A, PI. IV, Fig. i, or by 
flowing in a little air by fome of the perpendicular 
tubes S s s s ; the alteration of preflure caufes a change 
in the level of the liquid in thefe tubes. If the appar- 
atus be accurately luted, this alteration of level will be 
permanent ; whereas, if there be the fmalleft opening 
in any of the junctures, the liquid will very foon re- 
cover its former level. It muft always be remember- 
ed, that the whole fuccefs of experiments in modern 
chemiftry depends upon the exactnefs of this opera- 
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tion, which therefore requires the utmofl patience, and 
mod attentive accuracy. 

It would be of infinite fervice to enable chemifts, 
efpecially thofe who are engaged in pneumatic pro- 
cefles, to difpenfe with the ufe of lutes, or at leaft to 
diminifh the number neceffary in complicated inftru- 
ments. I once thought of having my apparatus con- 
ftructed fo as to unite in all its parts by fitting with eme- 
ry, in the way of bottles with cryftal-ftoppers ; but the 
execution of this plan was extremely difficult. I have 
fince thought it preferable to fubflitute columns of a 
few lines of mercury in place of lutes, and have got 
an apparatus conftru&ed upon this principle, which 
appears capable of very convenient application in a 
great number of circumftances. 

It confifts of a double-necked bottle A, PL XII, Fig. 
1 2 ; the interior neck b c communicates with the infide 
of the bottle, and the exterior neck or rim d e leaves 
an interval between the two necks, forming a deep 
gutter intended to contain the mercury. The cap or 
lid of glafs B enters this gutter and is properly fitted to 
it, having notches in its lower edge for the paffage of 
the tubes which convey the gas. Thefe tubes inftead 
of entering directly into the bottles as in the ordinary 
apparatus, have a double bend for making them enter 
the gutter, as reprefented in Fig. 13, and for making 
them fit the notches of the cap B ; they rife again 
from the gutter to inter the infide of the bottle over 
the border of the inner mouth. When the tubes are 
difpofed in their proper places, and the cap firmly fit- 
ted on, the gutter is filled with mercury, by which 
means the bottle is completely excluded from any com- 
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munication, excepting through the tubes. This appa- 
ratus may be very convenient in many operations in 
which the fubftances employed have no action upon 
mercury. PI. XII, Fig. 14, reprefents an apparatus up- 
on this principle properly fitted together. 

Mr. Seguin, to whofe. active and intelligent aflift- 
ance I have been very frequently much indebted, 
has befpoken for me at the glafs-houfes, fome retorts 
hermetically united to their recipients, by which lut- 
ing will be altogether unneceflary. 
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CHAPTER VIII. 



Of Operations upon Combujllon and Deflagration. 



SECT. I. 

Of Combuflion in General. 

COMBUSTION, according to what has been al- 
ready faid in the Firft Part of this Work, is the decom- 
pofition of oxygen gas produced by a combuftible body. 
The oxygen which forms the bafe of this gas is ab- 
forbed by, and enters into combination with, the burn- 
ing body, while the caloric and light are fet free. 
E very combuflion, therefore, neceflarily fuppofes oxy- 
genation ; whereas, on the contrary, every oxygenation 
does not neceflarily imply concomitant combuflion ; 
becaufe combuflion, properly fo called, cannot take 
place without difengagement of caloric and light. Be- 
fore combuflion can take place, it is neceflary that the 
bafe of oxygen gas fhould have greater affinity to the 
combuftible body than it has to caloric ; and this elecl:- 
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tive attraction, to ufe Bergman's expreflion, can only- 
take place at a certain degree of temperature, which 
is different for each combuftible fubftance ; hence the 
neceflky of giving a firft motion or beginning to every 
combuftion by the approach of a heated body. This 
necefhty of heating any body we mean to burn depends 
upon certain confiderations, which have not hitherto 
been attended to by any natural philofopher, where- 
fore I mail enlarge a little upon the fubjedt. in this 
place. 

Nature is at prefent in a ftate of equilibrium, which 
cannot have been attained until all the fpontaneous 
combuftions or oxygenations poffible, in the ordinary 
degrees of temperature had taken place. Hence, no 
new combuftions or oxygenations can happen without 
deftroying this equilibrium, and raifing the combuft- 
ible fubftances to a fuperior degree of temperature. 
To illuftrate this abftract. view of the matter by ex- 
ample : let us fuppofe the ufual temperature of the 
earth a little changed, and that it were raifed only to 
the degree of boiling water ; it is evident, that, in this 
cafe, phofphorus, which is combuftible in a confider- 
ably lower degree of temperature, would no longer 
exift in nature in its pure and fimple ftate, but would 
always be procured in its acid or oxygenate 1 ftate, and 
its radical would become one of the fubftances un- 
known to chemiftry. By gradually increafing the 
temperature of the earth, the fame circumftance would 
fucceflively happen to all the bodies capable of com- 
buftion ; and, at laft, every poftible combuftion having 
taken place, there would no longer exift any combuf- 
tible body whatever ; as every fubftance fufceptible of 
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that operation, would be oxygenated, and confequently 
incombuftible. 

There cannot therefore exift, Co far as relates to us, 
any combuflible body, except fuch as are incombufti- 
ble in the ordinary temperatures of the earth ; or, 
what is the fame thing, in other words, that it is eflen- 
tial to the nature of every combuflible body, not to 
poffefs the property of combuftion, unlefs heated, or 
raifed to the degree of temperature at which its com- 
buftion naturally takes place. When this degree is 
once produced, combuftion commences, and the calo- 
ric which is difengaged by the decompofition of the 
oxygen gas, keeps up the temperature neceflary for 
continuing combuftion. When this is not the cafe, 
that is, when the difengaged caloric is infufficient for 
keeping up the neceflary temperature, the combuftion 
ceafes : This circumftance is expreffed in common 
language by faying, that a body burns ill, or with dif- 
ficulty. 

Although combuftion poflefles fome circumftances 
in common with diftillation, efpecially with the com- 
pound kind of that operation, they differ in a very 
material point. In diftillation there is a feparation of 
one part of the elements of the fubftance from each 
other, and a confequent combination of thefe, in a new 
order, occafioned by the affinities which take place in 
the increafed temperature produced during diftillation : 
This likewife happens in combuftion, but with this 
farther circumftance, that a new element, not origi- 
nally in the body, is brought into action ; oxygen is 
added to the fubftance fubmitted to the operation, and 
caloric is difengaged. 

3 K 
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The neceflity of employing oxygen in the (late of 
gas in all experiments with combuftion, and the rigo- 
rous determination of the quantities employed, render 
this kind of operations peculiarly troublefome. As 
almefl all the produces of combuftion are difengaged 
in the ftate of gas, it is ftill more difficult to retain them 
than even thofe furnifhed during compound diftilla- 
tion ; hence this precaution was entirely neglected by 
the ancient chemifts ; and this fet of experiments ex- 
clufively belongs to modern chemiftry. 

Having thus pointed out, in a general way, the ob- 
jects to be had in view in experiments upon combuf- 
tion, I proceed, in the following fections of this chap- 
ter, to defcribe the different inftruments I have ufed 
with this view. The following arrangement is formed, 
not upon the nature of the combuftible bodies, but 
upon that of the inftruments neceffary for combuftion. 



SECT. II. 

Of the Combuftion of Phofphorus. 

In thefe combuftions we begin by filling a jar, ca- 
pable at leaft of holding fix pints, with oxygen gas in 
the water apparatus, PI. 5, Fig. 1 ; when it is perfe&ly 
full, fo that the gas begins to flow out below, the jar A 
is carried to the mercury apparatus, PI. IV, Fig. 3, 
We then dry the furface of the mercury, both within 
and without the jar, by means of blotting paper, taking 
care to keep the paper for fome time entirely immerf- 
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ed in the mercury before it is introduced under the jar, 
left we let in any common air, which flicks very obfti- 
nately to the furface of the paper. The body to be 
fubmitted to combuftion, being firft very accurately 
weighed in nice fcales, is placed in a fmall flat mallow 
difh D, of iron or porcelain ; this is covered by the 
larger cup P, which ferves the office of a diving-bell, 
and the whole is patted through the mercury into the 
jar, after which the larger cup is retired. The diffi- 
culty of paffing the materials of combuftion in this 
manner through the mercury may be avoided by raif- 
ing one of the fides of the jar A, for a moment, and 
flipping in the little cup D, with the combuftible body, 
as quickly as poffible. In this manner of operating, a 
fmall quantity of common air gets into the jar, but it is. 
fo very inconfiderable as not to injure either the pro- 
grefs or accuracy of the experiment in any fenfible 
degree. 

When the cup D is introduced under the jar,we fuck 
out a part of the oxygen gas, fo as to raife the mer- 
cury to. E F, as formerly directed, Part I, Chap. V, 
oth^rwife when the combuftible body is fet on fire, the 
gas becoming dilated would be in part forced out, and 
we fhould no longer be able to make any accurate cal- 
culation of the quantities before and after the experi- 
ment. A very convenient mode of drawing out the air 
is by means of an air pump fyringe adapted to the 
fyphon G H I, by which the mercury may be raifed to 
any degree under twenty-eight inches. Very inflam- 
mable bodies, asphofphorus, are fet on fire by means 
of the crooked iron wire, M N, PI. IV, Fig. 16, made 
red hot, and pafled quickly through the mercury. 
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Such as are lefs eafily fet on fire have a fmall portion of 
tinder, upon which a minute particle of phofphorus is 
fixed, laid upon them before ufing the red hot iron. 

In the firfl moment of combuftion, the air, being 
heated, rarefies, and the mercury defcends ; but when 
as in combuftions of phofphorus and iron, no elaftic 
fluid is formed, abforption becomes prefently very ien- 
fible, and the mercury rifes high into the jar. Great 
attention muft be ufed not to burn too large a quan- 
tity of any fubftance in a given quantity of gas, other- 
wife, towards the end of the experiment, the cup would 
approach fo near the top of the jar as to endanger 
breaking it, by the great heat produced, and the hid- 
den refrigeration from the cold mercury. For the 
methods of meafuring the volume of the gafes, and for 
correcting the meafures according to the height of 
the barometer and thermometer, &c. fee Chap. II, 
Sed. V and VI, of this Part. 

The above procefs anfwers very well for burning all 
the concrete fubftances, and even for the fixed oils : 
Thefe laft are burned in lamps under the jar, and are 
readily fet on fire by means of tinder, phofphorus, and 
hot iron. But it is dangerous for fubftances fufcepti- 
ble of evaporating in a moderate heat, fuch as ether, 
alcohol, and the effential oils ; thefe fubftances diflblve 
in confiderable quantity in oxygen gas ; and, when fet 
on fire, a dangerous and fudden explofion, takes place, 
which forces up the jar to a great height, and daffies it 
in a thoufand pieces. From the effects of two fuch 
explofions, fome of the members of the Academy and 
myfelf efcaped very narrowly. Befides, though this 
manner of operating is fufficient for determining pretty 
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accurately the quantity of oxygen gas abforbed, and 
of carbonic acid produced, yet as water is likewife 
formed in all experiments upon vegetable and animal 
matters which contain an excefs of hydrogen, this ap- 
paratus can neither collect it, nor determine its quan- 
tity. The experiment with phofphorus is even incom- 
plete in this way, as it is impoffible to demonflrate 
that the weight of the phofphoric acid produced is 
equal to the fum of the weights of the phofphorus 
burnt and of oxygen gas abforbed during the procefs : 
I have been, therefore, obliged to vary the inftruments 
according to circumftances, and to employ feveral 
of different kinds, which I mall defcribe in their or- 
der, beginning with that ufed for burning phofpho- 
rus. 

Take a large balloon A, PI. IV, Fig. 4, of cryftal or 
white glafs, with an opening EF, about two inches 
and a half, or three inches, diameter, to which a cap 
of brafs is accurately fitted with emery, and which has 
two holes for the paffage of the tubes x x x, y y y. 
Before fhutting the balloon with its cover, place within 
it the (land, BC, fupporting the cup of porcelain, D, 
which contains the phofphorus. Then lute on the cap 
with fat lute, and allow it to dry for fome days, and 
weigh the whole accurately ; after this exhauft the bal- 
loon by means of an air-pump connected with the tube 
xxx, and fill it with oxygen gas by the tube y y y, 
from the gazometer, PI. VIII, Fig. 1, defcribed Chap. 
II, Sect. II, of this part. The Phofphorus is then fet 
on fire by means of a burning glafs, and is allowed to 
burn till the cloud of concrete phofphoric acid flops the 
combuftion, oxygen gas being continually fupplied from 
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the gazometer. When the apparatus has cooled, it is 
weighed and unluted ; the tare of the inftrument 
being allowed, the weight is that of the phofphoric 
acid contained. It is proper, for greater accuracy, to 
examine the air or gas contained in the balloon after 
combuftion, as it may happen to be fomewhat heavier 
or lighter than common air ; and this difference of 
weight muft be taken into account in the calculations 
upon the refults of the experiment. 



SECT. III. 

Of the Combuftion of Charcoal. 

The apparatus I have employed for this procefs con- 
fifts of a fmall conical furnace of hammered copper, re- 
prefented in perfpective, PI. XII, Fig. 9, and internally 
difplayed Fig. 11. It is divided into the furnace, ABC, 
where the charcoal is burnt, the grate, d e, and the 
afh-hole, F ; the tube GH, in the middle of the dome 
of the furnace, ferves to introduce the charcoal, and as 
a chimney for carrying off the air which has ferved for 
combuftion. Through the tube / m n, which commu- 
nicates with the gazometer, the oxygen gas, or air, in- 
tended for fupporting the combuftion, is conveyed into 
the afh-hole, F, whence it is forced, by the application 
of preflure to the gazometer, to pafs through the grate* 
d e and to blow upon the burning charcoal placed im- 
mediately above. 
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Oxygen gas, which forms T Vo parts of atmofpheric 
air, is changed into carbonic acid gas during combuftion 
with charcoal, while the azotic gas of the air is ntft at 
all altered. Hence, after the combuftion of charcoal 
in atmofpheric air, a mixture of carbonic acid gas and 
azotic gas muit remain ; to allow this mixture to pafs 
off, the tube, o />, is adapted to the chimney, GH, by 
means of a fcrew at G, and conveys the gas into bottles 
half filled with folution of cauftic potafli. The car- 
bonic acid gas is abforbed by the alkali, and the azotic 
gas is conveyed into a fecond gazometer, where its 
quantity is ascertained. 

The weight of the furnace, ABC, is firft accurately 
determined; then the tube RS, Fig. 10, of known 
weight, is introduced by the chimney, GH, till its 
lower end S, refls upon the grate, d <?, which it occu- 
pies entirely ; in the next place, the furnace is filled 
with charcoal, and the whole is weighed again, to know 
the exact quantity of charcoal fubmitted to experiment. 
The furnace is now put in its place, the tube / m n, is 
fcrewed to that which communicates with the gazo- 
meter, and the tube, o p, to that which communicates 
with the bottles of alkaline folution. Every thing being 
in readinefs, the (top-cock of the gazometer is opened, 
a fmall piece of burning charcoal is thrown into the 
tube, RS, which is inftantly withdrawn, and the tube, 
/>, is fcrewed to the chimney, GH. The little piece 
of burning charcoal falls upon the grate, and in this 
manner gets below the whole charcoal, and is kept on 
fire by the ftream of air from the gazometer. To be 
certain that the combuftion is begun, and that it goes 
on properly, the tube, q r j, is fixed to the furnace, 
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having a piece of glafs cemented to its upper extre- 
mity, s, through which we can fee if the charcoal be 
on fire. 

I neglected to obferve above, that the furnace, and 
its appendages, are plunged into water in the cittern, 
TVXY, Fig. ii, PI. XII, to which ice may be added 
to moderate the heat, if neceffary ; though the heat is 
by no means very confiderable, as there is no air fup- 
plied but what comes from the gazometer, and no more 
of the charcoal burns at one time than what is imme- 
diately over the grate. 

As one piece of charcoal is confumed, another falls 
down into its place, in confequence of the declivity of 
the fides of the furnace ; this gets into the ftream of 
air, from the grate, d e, and is burnt ; and fo on, fuc- 
ceffively, till the whole charcoal is confumed. The 
air which has ferved the purpofe of the combuftion 
paffes through the mafs of charcoal, and is forced by 
the preffure of the gazometer, to efcape through the 
tube, op, and to pafs through the bottles of alkaline 
folution. 

This experiment furnifhes all the neceffary data for 
a complete analyfis of atmofpheric air and of charcoal. 
We know the weight of charcoal confumed. The 
gazometer gives us the meafure of the air employed. 
The quantity and quality of gas remaining after com- 
buftion, may be determined, as it is received, either in 
another gazometer, or in jars, in a pneumato-chemical 
apparatus. The weight of afhes remaining in the afh- 
hole is readily afcertained : and, finally, the additional 
weight acquired by the bottles of alkaline folution, 
gives the exact quantity of carbonic acid formed dur- 
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ing the procefs. By this experiment, we may likewife 
determine, with fufficient accuracy, the proportions in 
which carbon and oxygen enter into the compofition 
of carbonic acid. 

In a future memoir I fhall give an account to the 
Academy of a feriesof experiments I have undertaken, 
with this inftrument, upon all the vegetable and ani- 
mal charcoals. By fome very flight alterations, this 
machine may be made to anfwer for obferving the prin- 
cipal phenomena of refpiration. 

SECT. IV. 



Of the Combujlion of Oils. 

Oils are more compound in their nature than char 
coal, being formed by the combination of at leaft two 
elements, carbon and hydrogen ; of courfe, after their 
combuftion in common air, water, carbonic acid gas, 
and azotic gas remain. Hence the apparatus employed 
for their combuftion requires to be adapted for collect- 
ing thefe three products, and is confequently more com- 
plicated than the charcoal furnace. 

The apparatus I employ for this purpofe is compof- 
ed of a large jar or pitcher, A, PI. XII, Fig. 4, fur- 
rounded at its upper edge by a rim of iron properly 
cemented at DE, and receding from the jar at BC, fo 
as to leave a furrow or gutter xx, between it and the 
outfide of the jar fomewhatmore than two inches deep. 
The cover or lid of the jar, Fig. 5, is likewife furround- 

3 L 
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ed by an iron-rim /£, which adjufls into the gutter xx, 
Fig. 4, which being filled with mercury, has the 
effect of clofmgthe jar hermetically in an inftant, with- 
out ufing any lute ; and, as the gutter will hold about 
two inches of mercury, the air in the jar may be made 
to fuftain the preffure of more than two feet of water, 
without danger of its efcaping. 

The lid has four holes, T h i k, for the pafTage of an 
equal number of tubes. The opening T is furnifhed 
with a leather-box, through which paffes the rod, Fig. 
3, intended for raifmg and lowering the wick of the 
lamp, as will be afterwards directed. The three other 
hoks are intended for the pafTage of three feveral 
tubes ; one of thefe conveys the oil to the lamp, a fe- 
cond conveys air for keeping up the combuftion, and 
the third carries off the air, after it has ferved for com- 
buftion. The lamp in which the oil is burnt is repre- 
fented Fig. i ; a is the refervoir of oil, having a funnel 
by which it is filled j b c d e f g h is a fyphon which 
conveys the oil to the lamp n ; 7, 8, 9, 10, is the 
tube which conveys the air for combuftion from the 
gazometer to the fame lamp. The tube b c is formed 
externally, at its lower end b, into a male fcrew, which 
turns in a female fcrew in the lid of the refervoir of oil 
a ; fo that, by turning the refervoir one way or the 
other, it is made to rife or fall, by which the oil is kept 
at the ncceflary level. 

When the fyphon is to be filled, and the communi- 
cation formed between the refervoir of oil and the lamp, 
the ftop-cock c is fhut, and that at e opened ; oil is 
then poured in by the opening/ at the top of the fy- 
phon, till it rifes within three or four lines of the upper 
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edge of the lamp, after which the ftop-cock k Is fhut, 
and that at c opened ; the oil is next poured in at/, 
till the branch b c d of the fyphon is filled, and then 
the flop-cock e is clofed. The two branches of the 
fyphon being now completely filled, a communication 
is fully eflablifhed between the refervoir and the lamp. 
In PI. XII, Fig. 1, all the parts of the lamp 1 1, Fig. 
2, are reprefented magnified, to fhew them diflinctly. 
The tube / k carries the oil from the refervoir to the 
cavity a a a a, which contains the wick ; the tube 9, 
1 o, brings the air from the gazometer for keeping up 
the combuflion ; this air fpreads through the cavity 
d d dd, and, by means of the paffages c c c c and b b bb 
is distributed on each fide of the wick, after the prin- 
ciples of the lamps constructed by Argahd, Quinquet, 
and Lange. 

To render the whole of this complicated apparatus 
more eafily understood, and that its defcription may 
make all others of the fame kind more readily follow- 
ed, it is reprefented, completely connected together 
for ufe in PL XL The gazometer P furnifhes air 
for the combuflion, by the tube arid flop cock 1,2; 
the tube 2, 3, communicates with a fecond gazometer, 
which is filled while the firfl one is emptying during 
the procefs, that there may be no interruption to the 
combuflion ; 4, 5, is a tube of glafs filled with deli- 
quefcent falts, for drying the air as much as pofTible in 
its paffage ; and the . weight of this tube and its con- 
tained falts, at the beginning of the experiment, being 
known, it is eafy to determine the quantity of water 
abforbed by them from the air. From this delique- 
fcent tube, the air is conducted through the pipe 5, 6, 
7, 8, 9, 10, to the lamp 11, where it fpreads on both 
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fides of the wick, as before defcribed, and feeds the 
flame. One part of this air, which ferves to keep up 
the combuftion of the oil, forms carbonic acid gas and 
water, by oxygenating its elements. Part of this water 
condenfes upon the fides of the pitcher A, and another 
part is held in folution in the air, by means of caloric 
furnifhed during the combultion. This air is forced 
by the compreffion of the gazometer to pafs through 
the tube 12, 13, 14, 15, into the bottle 16, and the 
worm 17, 18, where the water is fully condenfed from 
the refrigeration of the air; and, if any water ftill re- 
main in folution, it is abforbed by deliquefcent falts 
contained in the tube 19, 20. 

All thefe precautions are folely intended for collect- 
ing and determining the quantity of water formed dur- 
ing the experiment ; the carbonic acid and azotic gas 
remain to be afcertained. The former is abforbed by 
cauftic alkaline folution in the bottles 22 and 25. I 
have only reprefented two of thefe in the fi gure, but 
nine at leaft are requifite ; and the laft of the feries 
may be half filled with lime-water, which is the moft 
certain reagent for indicating the carbonic acid ; if the 
lime water is not rendered turbid, we may be certain 
that no fenfible quantity of that acid remains in the 
air. 

The reft of the air which has ferved for combuftion, 
and which chiefly confifts of azotic gas, though ftill 
mixed with a confiderable portion of oxygen gas, 
which has efcaped unchanged from the combuftion, is 
carried through a third tube 28, 29, of deliquefcent 
falts, to deprive it of any moifture it may have acquired 
in the bottles of alkaline folution and lime-water, and 
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from thence by the tube 22, 30, into a gazometer, 
where its quantity is afcertained. Small efiays are then 
taken from it, which are expofed to a folution of ful- 
phuret of potafh, to afcertain the proportions of oxygen 
and azotic gas it contains. 

In the combuftion of oils, the wjck becomes at lafl 
charred, and obftructs the rife of the oil ; befides, if we 
raife the wick above a certain height, more oil rifes 
through its capillary tubes than the dream of air is 
capable of confuming, and fmoke is produced. Hence 
it is neceffary to be able to lengthen or fhorten the wick 
without opening the apparatus ; this is accomplifhed 
by means of the rod 31, 32, o,^, 34, which pafl'es 
through a leather-box, and is connected with the fup- 
port of the wick ; and that the motion of this rod, and 
confequently of the wick, may be regulated with the 
utmoft fmoothnefs and facility, it is moved at pleafure 
by a pinion which plays in a toothed rack. The rod, 
with its appendages, are reprefented PI. XII, Fig. 3. 
It appeared to me, that the combuftion would be amfted 
by furrounding the flame of the lamp with a fmall 
glafs-jar open at both ends, as reprefented in its place 
in PI. XI. 

I fhall not enter into a more detailed defcription of 
the condructionof this apparatus, which is (till capable 
of being altered and modified in many refpects ; but 
fhall only add, that when it is to be ufed in experiment, 
the lamp and refervoir with the contained oil mud be 
accurately weighed, after which it is placed as before 
directed, and lighted ; having then formed the con- 
nection between the air in the gazometer and the lamp, 
the external jar A, PI. XI, is fixed over all and fecur- 
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ed by means of the board BC, and by two rods of iron 
which connect this board with the lid, and are fcrewed 
to it. A fmall quantity of oil is burnt while the jar is 
adjufting to the lid, and the product, of that combuflion 
is loft ; there is likewife a fmall portion of air from the 
gazometer loft at the fame time. Both of thefe are of 
very inconfiderable confequence in extenfive experi- 
ments, and they are even capable_of being valued in 
our calculation of the refults. 

In a particular memoir, I fliall give an account to the 
Academy of the difficulties infeparable from this, kind 
of experiments : Thefe are fo infurmountable and 
troublefome, that I have not hitherto been able to ob- 
tain any rigorous determination of the quantities of the 
products. I have fufficient proof, however, that the 
fixed oils are entirely refolved during combuftion into 
water and carbonic acid gas, and confequently that they 
are compofed of hydrogen and carbon; but I have no 
certain knowledge refpecting the proportions of thefe 
ingredients. 



SECT. V. 

Of the Combuftion of Alcohol. 

The combuftion of alcohol may be very readily per- 
formed in the apparatus already defcribed for the com- 
buftion of charcoal and phofphorus. A lamp filled 
with alcohol is placed under the jar A, PI. IV, Fig. 3, 
a fmall morfel of phofphorus is placed upon the wick 
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of the lamp, which is fet on fire by means of the hot 
iron, as before directed. This procefs is, however, 
liable to confiderable inconveniency ; it is dangerous 
to make ufe of oxygen gas at the beginning of the ex- 
periment for fear of deflagration, which is even liable 
to happen when common air is employed. An acci- 
dent of this kind had very near proved fatal to myfelf, 
in prefence of fome members of the Academy. In- 
ftead of preparing the experiment, as ufual at the time 
it was to be performed, I had difpofed every thing in 
order the evening before ; the atmofpherrc air of the 
jar had thereby fufficient time to diffolve a good deal 
of the alcohol, and this evaporation had even been con- 
fiderably promoted by the height of the column of 
mercury, which I had raifed to EF, PI. IV, Fig. 3. 
The moment I attempted to fet a little morfel of phof- 
phorus on fire by means of the red hot iron, a violent 
explofion took place, which threw the jar with great 
violence againft the floor of the laboratory, and darned 
it in a thoufand pieces. 

Hence we can only operate upon very fmall quanti- 
tities, fuch as ten or twelve grains of alcohol, in this 
manner ; and the errors which may be committed in 
experiments upon fuch fmall quantities prevent our 
placing any confidence in their refults. I endeavoured 
to prolong the combuflion, in the experiments con- 
tained in the Memoirs of the Academy for 1784, p. 
593 > by lighting the alcohol firfl in common air, and 
furnifhing oxygen gas afterwards to the jar*, in propor- 
tion as confumed ; but the carbonic acid gas produced 
by the procefs became a great hinderance to the com- 
buflion, the more fo that alcohol is but difficultly 
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combuftible, efpecially in worfe than common air ; fo 
that even in this way very fmall quantities only could 
be burnt. 

Perhaps this combuftion might fucceed better in the 
oil apparatus, PI. XI ; but I have not hitherto ven- 
tured to try it. The jar A in which the combuftion is 
performed, is near 1400 cubical inches in dimenfion ; 
and, were an explofion to take place in fuch a veflel, 
its confequences would be very terrible, and very diffi- 
cult to guard againft. I have not, however, defpaired 
of making the attempt. 

In confequence of thefe difficulties, I have been hi- 
therto obliged to confine myfelf to experiments upon 
very fmall quantities of alcohol, at lead to combuflions 
made in open veflels, fuch as that reprefented in PI. 
IX, Fig. 5, which will be defcribed in Seel. VII, of 
this Chapter. If I am ever able to remove thefe diffi- 
culties, I fhall refume this invefligation. 



SECT. VI. 



Of the Combujlion of Ether. 



Though the combuftion of ether in clofe veflels does 
not prefent the fame difficulties as that of alcohol, yet 
it involves fome of a different kind, not more eafily 
overcome, and which ftill prevent the progrefs of my 
experiments. I endeavoured to profit by the property 
which ether pofleffes of diflblving in atmofpheric air, 



ELEMENTS OF CHEMISTRY. 120. 

and being thereby rendered inflammable without ex-^ 
plofion. For this purpofe, I conflructed the refervoir 
of ether # bed, PI. XII, Fig. 8, to which air is brought 
from the gazometer by the tube 1,2, 3, 4. This air 
fpreads, in the firfl place, in the double lid a c of the re- 
fervoir, from which it paffes through feven tubes ef.gh, 
ik, Sec. which defcend to 'the bottom of the ether, and 
it is forced, by the preflure of the gazometer, to boil 
up through the ether in the refervoir. We may re- 
place the ether in this firfl refervoir, in proportion as it 
is diffolved and carried off by the air, by means of the 
fupplementary refervoir E, connected by a brafs tube, 
fifteen or eighteen inches long and fkut by a flop-cock. 
This length of the connecting tube is to enable the de- 
fending ether to overcome the refiftance, occafioned 
by the preffure of the air from the gazometer. 

The air, thus loaded with vapours of ether, is con- 
ducted by the tube 5, 6, 7, 8, 9, to the jar A, into 
which it is allowed to efcape through a capillary open- 
ing, at the extremity of which it is fet on fire. The 
air, when it has ferved the purpofe of combuflion, paffes 
through the bottle 16, PI. XI, the worm 17, 18, and 
the deliquefcent tube 19, 20, after which it paffes 
through the alkaline bottles ; in thefe its carbonic acid 
gas is abforbed, the water formed during the experi- 
ment having been previoufly depofited in the former 
parts of the apparatus. 

When I caufed conflruct this apparatus, I fuppofed 
that the combination of atmofpheric air and ether form- 
ed in the refervoir abed, PI, XII, Fig. 8, was in pro- 
per proportion for fupporting combuflion ; but in this 
I was miflaken ; for there is a very considerable quan- 
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tity of excefs of ether ; fo that an additional quantity 
of atmofpheric air is neceffary to enable it to burn fully. 
Hence a lamp conftrudted upon thefe principles will 
burn in the open air,which furnifhes the quantity of oxy- 
gen neceffary for combuflion, but will not burn in clofe 
veffels in which the air is not renewed. Owing to this 
circumftance, my ether lamp went out foon after being 
lighted and fhut up in the jar A, PI. XII, Fig. 8. To 
remedy this defect, I endeavored to bring atmofpheric 
air to the lamp by the lateral tube 10, 11, 12, 13, 14, 
15, which I diflributed circularly round the flame; 
but the flame is fo exceedingly rare, that it is blown 
out by the gentlefl poffible ftream of air, fo that I have 
not hitherto fucceeded in burning ether. I do not, 
however, defpair of being able to accomplifh it by 
means of fome changes I am about to have made upon 
this apparatus. 



SECT. VII. 

Of the Combujlion of Hydrogen Gas, and the Formation 
of Water. 

In the formation of water, two fubftances, hydrogen 
and oxygen, which are both in the aeriform flate be- 
fore combuflion, are transformed into a liquid, or water, 
by the operation. This experiment would be very 
eafy, and would only require very fimple inftruments, 
if it were poflible to procure the two gafes perfectly 
pure, fo that they might burn without any refiduum. 
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We might, in that cafe, operate in very fmall veffels, 
and, by continually furnifhing the two gafes in proper 
proportions, might continue the combuftion indefi- 
nitely. But, hitherto, chemifls have only employed 
impure oxygen gas, mixed with azotic gas ; from 
which circumftance they have only been able to keep 
up the combuftion of hydrogen gas for a very limited 
time in clofe veffels, becaufe, as the refiduum of azotic 
gas is continually increafing, the air becomes at laft fo 
much contaminated, that the flame weakens and goes 
out. This inconvenience is fo much the greater in 
proportion as the oxygen gas employed is lefs pure. 
From this circumftance, we muff, either be fatisfied 
with operating upon fmall quantities, or muff exhaufl 
the veffels at intervals, to get rid of the refiduum of 
azotic gas ; but, in this cafe, a portion of the water 
formed during the experiment is evaporated by the 
exhauflion ; and the refulting error is the more dan- 
gerous to the accuracy of the procefs, that we have no 
certain means of afcertaining its value. 

Thefe considerations make me defirous to repeat the 
principal experiments of pneumatic chemiftry with 
oxygen gas entirely free from any admixture of azotic 
gas ; and this may be procured from oxygenated rnu- 
riat of potafh. The oxygen gas extracted from this 
fait does not appear to contain azot, unlefs accident- 
ally ; fo that by proper precautions it may be obtain- 
ed perfectly pure. In the mean time, the apparatus 
employed by Mr. Meufnier and me for the combuftion 
of hydrogen gas, which is defcribed in the experiment 
for recompofition of water, Part I, Chap. VIII, and 
need not therefore be here repeated, will anfwer tjie 
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purpofe ; when pure gafes are procured, this appara- 
tus will require no alterations, except that the capacity 
of the veflels may then be dirainifhed. See PI. IV, 

The combuftion, when once begun, continues for 
a confiderable time, but weakens gradually, in propor- 
tion as the quantity of azotic gas, remaining from the 
combuftion, increafes, till at laft the azotic gas is in 
fuch over proportion that the combuftion can no longer 
be fupported, and the flame goes out. This fponta- 
neous extinction muft be prevented, becaufe, as the 
hydrogen gas is . prefled upon in its refervoir, by an 
inch and a half of water, while the oxygen gas fuffers 
a preflure only of three lines, a mixture of the two 
would take place in the balloon, which would at laft 
be forced, by the fuperior preflure, into the refervoir 
of oxygen gas : Wherefore the combuftion muft be 
Hopped by fhutting the flop-cock of the tube d ~Dd 
whenever the flame grows very feeble ; for which pur- 
pofe it muft be attentively watched. 

There is another apparatus for combuftion, which, 
though we cannot with it perform experiments with 
the fame fcrupulous exa&nefs as with the preceding 
inftruments, gives very ftriking refults, that are ex- 
tremely proper to be fhewn in courfes of philofophical 
chemiftry. It confifts of a worm EF, PI. IX, Fig. 5, 
contained in a metallic cooler A BCD. To the upper 
part of this worm E, the chimney GH is fixed, which is 
compofed of two tubes, the inner of which is a con- 
tinuation of the worm, and the outer one is a cafe of 
tin-plate, which furrounds it at about an inch diftance, 
and the interval is filled up with fand. At the inferior 



ELEMENTS OF CHEMISTRY. I33 

extremity K of the inner tube, a glafs-tube is fixed, to 
which we adapt the Argand lamp LM for burning al- 
cohol, &c. 

Things being thus difpofed, and the lamp being fill- 
ed with a determinate quantity of alcohol, it is fet on 
fire ; the water which is formed during the combuftion 
rifes in the chimney KE, and being condenfed in the 
worm, runs out at its extremity F into the bottle P. 
The double tube of the chimney, filled with fand in the 
interflice, is to prevent the tube from cooling in its 
upper part, and condenfing the water ; otherwife, it 
would fall back in the tube, and we mould not be able 
to afcertain its quantity, and befides it might fall in 
drops upon the wick, and extinguifh the flame. The 
intention of this conftru&ion, is to keep the chimney 
always hot, and the worm always cool, that the water 
may be preferved in the ftate of vapour while rifing 
and may be condenfed immmediately upon getting 
into the defcending part of the apparatus. By this 
inftrument, which was contrived by Mr. Meufhier, 
and which is defcribed by me in the Memoirs of the 
Academy for 1784, p. 593, we may, with attention 
to keep the worm always cold, colled nearly feventeen 
ounces of water from the combuftion of fixteen ounces 
of alcohol. 
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SECT. VIII. 

Of the Oxydation of Metals. 

The term oxydation or calcination, is chiefly ufed to 
fignify the procefs by which metals, expofed to a cer- 
tain degree of heat, are converted into oxyds, by ab- 
forbing oxygen from the air. This combination 
takes place in confequence of oxygen poffefling a great- 
er affinity to metals, at a certain temperature, than to 
caloric, which becomes difengaged in its free ftate j 
but, as this difengagement, when made in common 
air, is flow and progreilive, it is fcarcely evident to 
the fenfes. It is quite otherwife, however, when oxy- 
dation takes place in oxygen gas ; for, being produced 
with much greater rapidity, it is generally accompa- 
nied with heat and light, fo as evidently to fhew 
that metallic fubftances are real combuftible bodies. 

All the metals have not the fame degree of affinity 
to oxygen. Gold, filver, and platina, for inftance, are 
incapable of taking it away from its combination with 
caloric, even in the greateft known heat ; whereas the 
other metals abforb it in a larger or fmaller quantity, 
until the affinities of the metal to oxygen, and of the 
latter, to caloric, are in exact, equilibrium. Indeed, 
this ftate of equilibrium of affinities may be aflumed as 
a general law of nature in all combinations. 

In all operations of this nature, the oxydation of 
metals is accelerated by giving free accefs to the air ; 
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it is fometimes much affifted by joining the a&ion of 
bellows, fo contrived as to direct a ftream of air over 
the furface of the metal. This procefs becomes greatly 
more rapid if a ftream of oxygen gas be ufed, which 
is readily done by means of the gazometer formerly 
defcribed. The metal, in this cafe, throws out a bril- 
liant flame, and the oxydation is very quickly accom- 
plished ; but this method can only be ufed in very 
confined experiments, on account of the expence of 
procuring oxygen gas. In the effay of ores, and in all 
the common operations of the laboratory, the calcina- 
tion or oxydation of metals is ufually performed in a 
difh of baked clay, PI. IV, Fig. 6, commonly called a 
roq/iing te/i, placed in a ftrong furnace. The fubftan- 
ces to be oxydated are frequently ftirred, on purpofe 
to prefent frefh furfaces to the air. 

Whenever this operation is performed upon a metal 
which is not volatile, and from which nothing flies off 
into the furrounding air during the procefs, the metal 
acquires additional weight ; but the caufe of this in- 
creafed weight during oxydation could never have 
been difcovered by means of experiments performed in 
free air; and it is only fince thefe operations have been 
performed in clofe veflels, and in determinate quanti- 
ties of air, that any juft conjectures have been formed 
concerning the caufe of this phenomenon. The firft 
method for this purpofe is due to Dr. Prieftley, who 
expofes the metal to be calcined in a porcelain cup N, 
PI. IV, Fig. 1 1, placed upon the (land IK, under a jar 
A, in the bafon BCDE, full of water ; the water is 
made to rife up to GH, by fucking out the air with a 
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fyphon and the focus of a burning glafs is made to fall 
upon the metal. In a few minutes the oxydation takes 
place, a part of the oxygen contained in the air com- 
bines with the metal, and a proportional diminution of 
the volume of air is produced ; what remains is nothing 
more than azotic gas , ftill however mixed with a fmall 
quantity of oxygen gas. I have given an account of a 
feries of experiments made with this apparatus in my 
Phyfical and Chemical EiTays, firft publifhed in 1773. 
Mercury may be ufed inftead of water in this experi- 
ment, whereby the refults are rendered ftill more con- 
clusive. 

Another procefs for this purpofe was invented by 
Mr. Boyle, and of which I gave an account in the Me- 
moirs of the Academy for 1774, p. 351. The metal 
is introduced into a retort, PI. Ill, Fig. 20, the beak of 
which is hermetically fealed ; the metal is then oxy- 
dated by means of heat applied with great precaution. 
The weight of the veffel, and its contained fubftances, 
is not at all changed by this procefs, until the extremity 
of the neck of the retort is broken ; but, when that is 
done, the external air rufhes in with a hilling noife. 
This operation is attended with danger, unlefs a part 
of the air is driven out of the retort, by means of heat, 
before it is hermetically fealed, as otherwife the retort 
would be apt to burft by the dilation of the air when 
placed in the furnace. The quantity of air driven out 
may be received under a jar in the pneumato-che- 
mical apparatus, by which its quantity, and that of the 
air remaining in the retort, is afcertained. I have not 
multiplied my experiments upon oxydation of metals 
fo much as I could have wiihed j neither have I obtain- 
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ed fatisfactory refults with any metal except tin. It is 
much to be wifhed that fome perfon would undertake 
a feries of experiments upon the oxydation of metals 
in the feveral gafes ; the fubject is important, and 
would fully repay any trouble which this kind of expe- 
riment might occafion. 

As all the oxyds of mercury are capable of revivify- 
ing without addition, and reftore the oxygen gas they 
had before abforbed, this feemed to be the mofl proper 
metal for becoming the fubject of conclufive experi- 
ments upon oxydation. I formerly endeavored to ac- 
complim the oxydation of mercury in clofe veflels, by 
filling a retort, containing a fmall quantity of mercury, 
with oxygen gas, and adapting a bladder half full of 
the fame gas to its beak ; See PI. IV, Fig. 12. After- 
wards, by heating the mercury in the retort for a very 
long time, I fucceeded in oxydating a very fmall por- 
tion, fo as to form a little red oxyd floating upon the 
furface of the running mercury ; but the quantity was 
fo fmall, that the fmallefl error committed in the de- 
termination of the quantities of oxygen gas before an4 
after the operation, muft have thrown very great un- 
certainty upon the refults of the experiment. I was 
befides, diffatisfied with this procefs, and not without 
caufe, left any air might have efcaped through the 
pores of the bladder, more efpecially as it becomes 
fhrivelled by the heat of the furnace, unlefs covered 
over with cloths kept conftantly wet. 

This experiment is performed with more certainty 
in the apparatus defcribed in the Memoirs of the Aca- 
demy for 1775, p. 580. This confifts of a retort A, 
PI. IV, Fig. 2, having a crooked glafs-tube BCDE of 

3 n 



I38 ELEMENTS OF CHEMISTRY. 

•ten or twelve lines internal diameter, melted on to its 
beak, and which is engaged under the bell-glafs FG, 
ftanding with its mouth downwards, in a bafon filled 
with water or mercury. The retort is placed upon the 
bars of the furnace MMNN, PI. IV, Fig. 2, or in a 
fand bath, and by means of this apparatus we may, in 
the courfe of feveral days, oxydate a fmall quantity of 
mercury, in common air ; the red oxyd floats upon 
the furface, from which it may be collected and reviv- 
ed, fo as to compare the quantity of oxygen gas ob- 
tained in revivification with the abforption which took 
place during oxydation. This kind of experiment can 
only be performed upon a fmall fcale, fo that no very 
certain conclufions can be drawn from it*. 

The combuftion of iron in oxygen gas being a true 
oxydation of that metal, ought to be mentioned in this 
place. The apparatus employed by Mr. Ingenhoufz 
for this operation is reprefented in PI. IV, Fig 17; 
but, having already defcribed it fufficiently in Chap. 
Ill, I fhall refer the reader to what is faid of it in that 
place. Iron may likewife be oxydated by combuftion 
in vefiels filled with oxygen gas, in the way already 
directed for phofphorus and charcoal. This appara- 
tus is reprefented PI. IV, Fig. 3, and defcribed in the 
fifth chapter of the firft part of this work. We learn 
from Mr. Ingenhoufz, that all the metals, except gold, 
filver, and mercury, may be burnt or oxydated in the 
fame manner, by reducing them into very fine wire, or 
very thin plates cut into narrow flips ; thefe are twifled 
round with iron wire, which communicates the proper- 
ty of burning to the other metals. 

* See an account of this experiment, Part I, Chap. Hi.— A. 
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Mercury is even difficultly oxydated in free air. In 
chemical laboratories, this procefs is ufually carried on 
in a matrafs A, PI. IV, Fig. 10, having a very flat 
body, and a very long neck BC, which veffel is com- 
monly called Boyle's hell. A quantity of mercury is 
introduced fufficient to cover the bottom, and it is pla- 
ced in a fand-bath, which keeps up a conftant heat ap- 
proaching to that of boiling mercury. By continuing 
this operation with five or fix fimilar matraffes during 
feveral months, and renewing the mercury from time 
to time, a few ounces of red oxyd are at laft obtained. 
The great flownefs and inconvenience of this appara- 
tus arife from the air not being fufficiently renewed: 
but if, on the other hand, too free a circulation were 
given to the external air, it would carry off the mercury 
in folution in the ftate of vapour, fo that in a few days 
none would remain in the veffel. 

As, of all the experiments upon the oxydation of 
metals, thofe with mercury are the mofl conclufive, it 
were much to be wifhed that a fimple apparatus could 
be contrived by which this oxydation and its remits 
might be demonftrated in public courfes of chemiilry. 
This might, in my opinion, be accomplished by me- 
thods fimilar to thofe I have already defcribed for the 
combuftion of charcoal and the oils j but, owing to 
other purfuits, I have not been able hitherto to refume 
this kind of experimrnt. 

The oxyd of mercury revives without addition, by 
being heated to a flightly red heat. In this degree of 
temperature, oxygen has greater affinity to caloric than 
to mercury, and forms oxygen gas. This is always 
mixed with a fmall portion of azotic gas, which indi- 
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cates that the mercury abforbs a fmall portion- of this 
latter gas during oxydation. It almoft always contains 
a little carbonic acid gas, which muft undoubtedly be 
attributed to the foulneftes of the oxyd ; thefe are 
charred by the heat, and convert a part of the oxygen 
gas into carbonic acid. 

If chemifts were reduced to the neceffity of procuring 
all the oxygen gas, employed in their experiments, 
from mercury oxydated by heat without addition, or, 
as it is called, calcined or precipitated per fe, the excef- 
five dearnefs of that preparation would render experi- 
ments, even upon a moderate fcale, quite impracticable. 
But mercury may likewife be oxydated by means of 
nitric acid ; and in this way we procure a red oxyd, 
even more pure than that produced by calcination. I 
have fometimes prepared this oxyd by difTolving mer- 
cury in nitric acid, evaporating to drynefs, and calcin- 
ing the fait either in a retort, or in capfules formed of 
pieces of broken matraffes and retorts, in the manner 
formerly defcribed j but I have, never fucceeded in 
making it equally beautiful with what is fold by the 
druggifts, and which is, 1 believe, brought from Hol- 
land. In chufing this, we ought to prefer what is in 
folid lumps, compofed of foft adhering fcales, as when 
in powder it is fometimes adulterated with red oxyd of 
lead. 

To obtain oxygen gas from the red oxyd of mer- 
cury, I ufually employ a porcelain-retort, having a long 
glafs-tube adapted to its beak, which is engaged under 
jars in the water pneumato-chemical apparatus ; and I 
place a bottle in the water, at the end of the tube, for 
receiving the mercury in proportion as it revives and 
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diftils over. As the oxygen gas never 'appears till the 
retort becomes red, it feems to prove the principle 
eftablifhed by Mr. Berthollet, that an obfcure heat can 
never form oxygen gas, and that light is one of its con- 
flituent elements. We muft reject the nrfl portion of 
gas which comes over, as being mixed with common 
air, from what was contained in the retort at the begin- 
ning of the experiment ; but, even with this precaution, 
the oxygen gas procured is ufually contaminated with 
a tenth part of azotic gas, and with a very fmall por- 
tion of carbonic acid gas. This latter is readily got 
rid of, by making the gas pafs through a folution of 
cauftic alkali, but we know of no method for feparat- 
ing the azotic gas ; its proportions may however be as- 
certained, by leaving a known quantity of the oxygen 
gas contaminated with it for a fortnight, in contact with 
fulphuret of foda or potafh, which abforbs the oxygen 
gas, and converts the fulphur into fulphuric acid, leav- 
ing the azotic gas pure. 

We may likewife procure oxygen gas from black 
oxyd of manganefe, or from nitrat of potafh, by expof- 
ing them to a red heat, in the apparatus already def- 
cribed for operating upon red oxyd of mercury ; only 
as it requires fuch a heat as is at leaft capable of foften- 
ing glafs, we mufl employ retorts of ftone or of porce- 
lain. But the pureft and bed oxygen gas is what is 
difengaged from oxygenated muriat of potafh by 
fimple heat. This operation is performed in a glafs- 
retort, and the gas obtained is perfectly pure, provided 
that the nrfl portions, which are mixed with the com- 
mon air of the veffels, be rejected. 
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CHAPTER IX. 



Of Deflagration. 



I HAVE already fhewn, Part I, Chapter IX, that 
oxygen does not always part with the whole of the 
caloric it contained in the flate of gas, when it enters 
into combination with other bodies. It carries almoft 
the whole of its caloric along with it on entering into 
the combinations which form nitric acid and oxyge- 
nated muriatic acid ; fo that in nitrats, and more efpe- 
cially in oxygenated muriats, the oxygen is, in a cer- 
tain degree, in the flate of oxygen gas, condenfed, 
and reduced to the fmalleft volume it is capable of oc- 
cupying. 

In thefe combinations, the caloric exerts a conflant 
a&ionupon the oxygen, to bring it back to the flate 
of gas ; hence the oxygen adheres but very flightly, 
and the fmalleft additional force is capable of fetting it 
free ; and, when fuch force is applied, it often reco- 
vers the flate of gas inflantaneoufly. This rapid paf- 
fage from the folid to the aeriform flate is called deto- 
nation, or fulmination, becaufe it is ufually accompa- 
nied with noife and explofion. Deflagrations are 
commonly produced by means of combinations of 
charcoal, either with nitre or with oxygenated muriat 
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of potafh ; fometimes to affift the inflammation, ful- 
phur is added ; and, upon the juffc proportion of thefe 
ingredients, and the proper manipulation of the mix- 
ture, the art of making gun-powder depends. 

As oxygen is changed by deflagration with charcoal, 
into carbonic acid, inftead of oxygen gas, carbonic 
acid gas is difengaged, at leaft when the mixture has 
been made in juft proportions. In deflagration with 
nitre, azotic gas is likewife difengaged, becaufe azot is 
one of the conftituent elements of nitric acid. 

The fudden and inftantaneous difengagement and 
expanfion of thefe gafes is not, however, fufficient for 
explaining all the phenomena of deflagration ; becaufe, 
if this were the fole operating power, gun-powder 
would always be fo much the ftronger in proportion as 
the quantity of gas difengaged in a given time was the 
more confiderable, which does not always accord with 
experiment. I have tried fome kinds which produced 
almoft double the effect of ordinary gun-powder, al- 
though they gave out a fixth part lefs of gas during 
deflagration. It would appear that the quantity of 
caloric difengaged at the moment of detonation con- 
tributes confiderably to the expanfive effects produc- 
ed ; for, although caloric penetrates freely through the 
pores of every body in nature, it can only do fo pro- 
greffively, and in a given time ; hence, when the quan- 
tity difengaged at once is too large to get through the 
pores of the furrounding bodies, it muft neceffarily acl 
in the fame way with ordinary elaftic fluids, and muft 
overturn every thing that oppofes its paffage. This 
muft, at leaft, in part, take place when gun-powder is 
fet on fire in a cannon ; as, although the metal is per- 
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meable to caloric, the quantity difengaged at once is too 
large to find its way through the pores of the metal ; 
it muil therefore make an effort to efcape on every 
fide ; and, as the refiftance all around, excepting 
towards the muzzle, is too great to be overcome, 
this effort is neceffarily employed for expelling the 
bullet. 

The caloric produces a fecond effect, by means of 
the repulfive force exerted between its particles ; it 
caufes the gafes, difengaged at the moment of deflag- 
ration, to expand with a degree of force proportioned 
to the temperature produced. 

It is very probable, that water is decompofed during 
the deflagration of gun-powder, and that part of the 
oxygen furnifhed to the nafcent carbonic acid gas is 
produced from it. If fo, a confiderable quantity of 
hydrogen gas muff be difengaged in the inflant of de- 
flagration, which expands, and contributes to the force 
of the explofion. It may readily be conceived how 
greatly this circumftance muft increafe the effect of 
powder, if we confider that a pint of hydrogen gas 
weighs only one grain and two thirds ; hence a very 
fmall quantity in weight muft occupy a very large 
fpace, and it muft exert a prodigious expanfive force 
in pafling from the liquid to the aeriform ftate of exis- 
tence. 

In the laft place, as a portion of undecompofed water 
is reduced to vapour during the deflagration of gun- 
powder, and as water, in the ftate of gas, occupies 
feventeen or eighteen hundred times more fpace than 
in its liquid ftate, this circumftance muft likewife con- 
tribute largely to the expanfive force of the powder. 
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I have already made a confiderable fefies of experi- 
ments upon the nature of the elaftic fluids difengaged 
during the deflagration of nitre with charcoal and ful- 
phur, and have made fome, likewife, with the oxygen- 
ated muriat of potafh. This method of invefligation 
leads to tolerably accurate conclufions with refpec"t to 
the conftituent elements of thefe falts. Some of the 
principal remits of thefe experiments, and of the con- 
fluences drawn from them refpecting the analyfis of 
nitric acid, are reported in the collection of Memoirs 
prefented to the Academy by foreign philofophers, vol. 
xi, p. 625. Since then I have procured more con- 
venient inftruments, and I intend to repeat thefe 
experiments upon a larger fcale, by which I fhall pro- 
cure more accurate precifion in their refults ; the fol- 
lowing, however, is the procefs I have hitherto employ- 
ed. I would very earneflly advife fuch as intend to 
repeat fome of thefe experiments, to be very much 
upon their guard in operating upon any mixture which 
contains nitre, charcoal and fulphur, and more efpeci- 
ally with thofe in which oxygenated muriat of potafh is 
mixed with thefe two materials. 

I make ufe of piftol-barrels, about fix inches long, 
and of five or fix lines diameter, having the touch-hole 
fpiked up with an iron nail flrongly driven in, and brok- 
en in the hole, and a little tin-fmith's folder run in to 
prevent any poffible iffue for the air. Thefe are charg- 
ed with a mixture of known quantities of nitre and 
charcoal, or any other mixture capable of deflagration, 
reduced to an impalpable powder, and formed into a 
parte with a moderate quantity of water. Every por- 
tion of the materials introduced mud be rammed down 

3° 
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with a rammer nearly of the fame caliber with the 
barrel, four or five lines at the muzzle rauft be left 
empty, and about two inches of quick match are added 
at the end of the charge. The only difficulty in this 
experiment, efpecially when fulphur is contained in 
the mixture, is to difcover the proper degree of moif- 
tening ; for, if the pafte be too much wetted, it will 
not take fire, and if too dry, the deflagration is apt to 
become too rapid, and even dangerous. 

When the experiment is not intended to be rigoroufly 
exact, we fet fire to the match, and, when it is jufl 
about to communicate with the charge, we plunge the 
piftol below a large bell-glafs full of water, in the pneu- 
mato-chemical apparatus. The deflagration begins, 
and continues in the water, and gas is difengaged with 
lefs or more rapidity, in proportion as the mixture is 
more or lefs dry. So long as the deflagration con- 
tinues, the muzzle of the piftol muft be kept fome- 
what inclined downwards, to prevent the water from 
getting into its barrel. In this manner I have fome- 
times collected the gas produced from the deflagration 
of an ounce and half, or two ounces, of nitre. 

In this manner of operating, it is impoflible to deter- 
mine the quantity of carbonic acid gas difengaged, be- 
caufe a part of it is abforbed by the water while parting 
through it ; but, when the carbonic acid is abforbed, 
the azotic gas remains ; and, if it be agitated for a few 
minutes in cauftic alkaline folution, we obtain it pure, 
andean eafily determine its volume and weight. We 
may even, in this way, acquire a tolerably exact know- 
ledge of the quantity of carbonic acid by repeating the 
experiment a great many times and varying the pro- 
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portions of charcoal, till we find the exact quantity re- 
■quifite to deflagrate the whole nitre employed. Hence, 
by means of the weight of charcoal employed, we de- 
termine the weight of oxygen neceflfary for faturation, 
and deduce the quantity of oxygen contained in a given 
weight of nitre. 

I have ufed another procefs, by which the remits of 
this experiment are confiderably more accurate, which 
confifts in receiving the difengaged gafes in bell-glafies 
filled with mercury. The mercurial apparatus I em- 
ploy is large enough to contain jars of from twelve to 
fifteen pints in capacity, which are not very readilv 
managed when full of mercury, and even require to 
be filled by a particular method. When the jar is 
placed in the cittern of mercury, a glafs fyphon is in- 
troduced, connected with a fmall air-pump, by means 
of which the air is exhaufted, and the mercury rifes fo 
as to fill the jar. After this, the gas of the deflagra- 
tion is made to pafs into the jar in the fame manner as 
directed when water is employed. 

I mult again repeat, that this fpecies of experiment 
requires to be performed with the greatefl poffible pre- 
cautions. I have fometimes feen, when the difengage- 
ment of gas proceeded with too great rapidity, jars fil- 
led with more than an hundred and fifty pounds of 
mercury driven off by the force of the explofion, and 
broken to pieces, while the mercury was fcattered 
about in great quantities. 

When the experiment has fucceeded, and the gas is 
collected under the jar, its quantity in general, and the 
nature and quantities of the feveral fpecies of gafes of 
which the mixture is compofed, are accurately afcer- 
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tamed by the methods already pointed out in the fe- 
cond chapter of this part of my work. I have been 
prevented from putting the laft hand to the experi- 
ments I had begun upon deflagration, from their con- 
nection with the objects I am at prefent engaged in ; 
and I am in hopes they will throw confiderable light 
upon the operations belonging to the manufacture o[ 
gun-powder. 
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CHAPTER X. 



Of the Jnjlruments necejfary for Operating upon Bodies in 
very high Temperatures. 



SECT. I. 

OfFufion. 

WE have already feen, that by aqueous folution, 
in which the particles of bodies are feparated from 
each other, neither the folvent nor the body held in 
folution are at all decompofed ; fo that, whenever the 
caufe offeparation ceafes, the particles reunite, and the 
faline fubftance recovers precifely the fame appearance 
and properties it poffeffed before folution. Real folu- 
tions are produced by fire, or by introducing and ac- 
cumulating a great quantity of caloric between the 
particles of bodies ; and this jfpecies of folution in ca>- 
loric is ufually called fujion. 
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This operation is commonly performed in veffels 
called crucibles, which muft neceffarily be lefs fufible 
than the bodies they are intended to contain. Hence, 
in all ages, chemifts have been extremely folicitous, 
to procure crucibles of very refractory materials, or 
fuch as are capable of refitting a very high degree of 
heat. The befl are made of very pure clay or of por- 
celain earth ; whereas fuch as are made of clay mixed 
with calcareous or filiceous earth are very fufible. All 
the crucibles made in the neighbourhood of Paris are 
of this kind, and are confequently unfit for moft che- 
mical experiments. The Heffian crucibles are tolera- 
bly good ; but the befl are made of Limoges earth, 
which feems abfolutely infufible. We have, in France, 
a great many clays very fit for making crucibles ; fuch, 
for inflance, is the kind ufed for making melting-pots 
at the glafs manufactory of St. Gobin. 

Crucibles are made of various forms, according to 
the operations they are intended to perform. Several 
of the moft common kinds are reprefented PI. VII, 
Fig. 7, 8, 9 and 10; the one reprefented at Fig. 9, is 
almoft fhut at its mouth. 

Though fufion may often take place without chang- 
ing the nature of the fufed body, this operation is fre- 
quently employed as a chemical means of decompofing 
and recompounding bodies. In this way all the me- 
tals are extracted from their ores ; and, by this pro- 
cefs, they are revived, moulded, and alloyed with each 
other. By this procefs fand and alkali are combined to 
form glafs, and by it likewife partes, or colored (tones., 
enamels, &c. are formed. 
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The a&ion of violent fire was much more frequently 
employed by the ancient chemifts than it is in modern 
experiments. Since greater precifion has been em- 
ployed in philofophical refearches, the humid has been 
preferred to the dry method of procefs, and fufion is 
feldom had recourfe to until all the other means of 
analyfis have failed. 



SECT. II. 

Of Furnaces. 

Thefe are inft rumen ts of mofl univerfal ufe in che- 
miftry ; and, as the fuccefs of a great number of ex- 
periments depends upon their being well or ill con- 
ftructed, it is of great importance that a laboratory be 
well provided in this refpecl:. A furnace is a kind of 
hollow cylindrical tower, fometimes widened above, 
PI. XIII, Fig. i, ABCD, which muft have at leaft two 
lateral openings ; one in its upper part F, which is the 
door of the fire-place, and one below, G, leading to 
the afh-hole. Between thefe the furnace is divided by 
a horizontal grate intended for fupporting the fuel, the 
fituation of which is marked in the figure by the line 
HI. Though this be the leaft complicated of all the 
chemical furnaces, yet it is applicable to a great num- 
ber of purpofes. By it lead, tin, bifmuth, and, in ge- 
neral, every fubftance which does not require a very 
ftrong fire, may be melted in crucibles ; it will ferve 
for metallic oxydations, for evaporatory veffels, and for 
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fand-baths, as in PI. III. Fig. 1, and 2. To render it 
proper for thefe purpofes, feveral notches, m m m ;//, 
PI. XIII, Fig. 1, are made in its upper edge, as other- 
wife any pan which might be placed over the fire would 
flop the paffage of the air, and prevent the fuel from 
burning. This furnace can only produce a moderate 
degree of heat, becaufe the quantity of charcoal it is 
capable of confuming is limited by the quantity of air 
which is allowed to pafs through the opening G of the 
afh-hole. Its power might be confiderably augmented 
by enlarging this opening, but then the great fleam of 
air which is convenient for fome operations might be 
hurtful in others ; wherefore we mufl have furnaces 
of different forms, conflru&ed for different pur- 
pofes, in our laboratories : There ought efpecially 
to be feveral of the kind now defcribed of different 
fizes. 

The reverberatory furnace, PI. XIII, Fig. 2, is per- 
haps more neceflary. This, like the common furnace, 
is compofed of the afh-hole HIKL, the fire-place, 
KLMN, the laboratory, MNOP, and the dome RRSS, 
with its funnel or chimney TTVV ; and to this lafl fe- 
veral additional tubes may be adapted, according to the 
nature of the different experiments. The retort A is 
placed in the divifion called the laboratory, and is fup- 
ported by two bars of iron which run acrofs the fur- 
nace, and its beak comes out at a round hole in the 
fide of the furnace, one half of which is cut in the piece 
called the laboratory, and the other in the dome. In 
moll of the ready made reverberatory furnaces which 
are fold by the potters at Paris, the openings both 
above and below are too fmall ; Thefe do not allow a 
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fufficient volume of air to pafs through ; hence, as the 
quantity of charcoal confumed, or, what is much the 
fame thing, the quantity of caloric difengaged, is nearly 
in proportion to the quantity of air which pafles through 
the furnace, thefe furnaces do not produce a fufficient 
effect in a great number of experiments. To remedy 
this defect, there ought to be two openings GG to the 
afh-hole ; one of thefe is fhut up when only a moder- 
ate fire is required ; and both are kept open when the 
ftrongeft power of the furnace is to be exerted. The 
opening of the dome SS ought likewife to be confider- 
ably larger than it is ufually made. 

It is of great importance not to employ retorts of too 
large fize in proportion to the furnace, as a fufficient 
fpace ought always to be allowed for the paflage of the 
air between the fides of the furnace and the verTel. The 
retortA in the figure is too fmall for the fize of the 
furnace, yet I find it more eafy to point out the error 
than to correct it. The intention of the dome is to 
oblige the flame and heat to furround and ftrike back 
or reverberate upon every part of the retort, whence 
the furnace gets the name of reverberatory. Without 
this circumftance the retort would only be heated in 
its bottom, the vapours raifed from the continued fub- 
ftance would condenfe in the upper part, and a con- 
tinual cohobation would take place without any thing 
palling over into the receiver j but, by means of this 
dome, the retort is equally heated in every part, and 
the vapours being forced out, can only condenfe in the 
neck of the retort, or in the recipient. 

3 p 
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To prevent the bottom of the retort from being either 
heated or cooled too fuddenly, it is fometimes placed 
in a fmall fand-bath of baked clay, {landing upon the 
crofs bars of the furnace. Likewife, in many opera- 
tions the retorts are coated over with lutes, fome of which 
are intended to preferve them from the too fudden in- 
fluence of heat or of cold, while others are for fuftain- 
ing the glafs, or forming a kind of fecond retort, which 
fupports the glafs one during operations wherein the 
ftrength of the fire might foften it. The former is 
made of brick -clay with a little cows hair beat up along 
with it, into a pafle or mortar, and fpread over the glafs 
or (tone retorts. The latter is made of pure clay and 
pounded ftone-ware mixed together, and ufed in the 
fame manner. This dries and hardens by the fire, fo 
as to form a true fupplementary retort capable of retain- 
ing the materials, if the glafs retort below mould crack 
or foften. But, in experiments which are intended 
for collecting gafes, this lute, being porous, is of no 
manner of ufe. 

In a great many experiments, wherein very violent 
fire is not required, the reverberator^ furnace may be 
ufed as a melting one, by leaving out the piece called 
the laboratory, and placing the dome immediately upon 
the fire-place, as reprefented PI. XIII, Fig. 3. The fur- 
nace reprefented in Fig. 4, is very convenient for 
iufions ; it is compofed of the fire-place and afh-hole 
ABD, without a door, and having a hole E, which re- 
ceives the muzzle of a pair of bellows flrongly luted 
on, and the dome ABGH, which ought to be rather 
lower than is reprefented in the figure. This furnace 
is not capable of producing a very ftrong heat, but is 
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fufficient for ordinary operations, and may be readily 
moved to any part of the laboratory where it is want- 
ed. Though thefe particular furnaces are very con- 
venient, every laboratory muft be provided with a 
forge-furnace, having a good pair of bellows, or what 
is more neceffary, a powerful melting furnace. I fhall 
describe the one I ufe, with the principles upon which 
it is conftru&ed. 

The air circulates in a furnace in confequence of 
being heated in its paflage through the burning coals ; 
it dilates, and, becoming lighter than the furrounding 
air, is forced to rife upwards by the preflure of the la- 
teral columns of air, and is replaced by frefh air from 
all fides, efpecially from below. This circulation of 
air even takes place when coals are burnt in a common 
chafing-dim ; but we can readily conceive, that, in a 
furnace open on all fides, the mafs of air v/hich paries, 
all other circum dances being equal, cannot be fo great 
as when it is obliged to pafs through a furnace in the 
fhape of a hollow tower, like mod of the chemical fur- 
naces, and confequently that the combuflion muft be 
more rapid in a furnace of this latter conftru&ion. 
Suppofe, for inftance, the furnace ABCDEF (Fig. 5) 
open above, and filled with burning coals, the force 
with which the air parTes through the coals, will be in 
proportion to the difference between the fpecific gra- 
vity of two columns equal to AC, the one of cold air 
without, and the other of heated air within the furnace 
There muft be fome heated air above the opening 
AB, and the fuperior levity of this ought likewife to 
be taken into confideration ; but, as this portion is 
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continually cooled and carried off by the external air, 
it cannot produce any great effect. 

But, if we add to this furnace a large hollow tube 
GHAB of the fame diameter, which preferves the air 
which has been heated by the burning coals from be- 
ing cooled and difperfed by the furrounding air, the 
difference of fpecific gravity which caufes the circula- 
tion will then be between two columns equal to GC. 
Hence, if GC be three times the length of AC, the 
circulation will have treble force. This is upon the 
fuppofition that the air in GHCD is as much heated 
as what is contained in ABCD, which is not ftrictly 
the cafe, becaufe the heat mull decreafe between AB 
and GH ; but, as the air in GHAB is much warmer 
than the external air, it follows, that the addition of the 
tube muft increafe the rapidity of the ftream of air, 
that a larger quantity muft pafs through the coals, and 
confequently that a greater degree of combuftion mult 
take place. 

We muft not, however, conclude from thefe prin- 
ciples, that the length of this tube ought to be indefi- 
nitely prolonged ; for, fince the heat of the air gradu- 
ally diminimes in paffing from AB to GH, even from 
the contact of the fides of the tube, if the tube were 
prolonged to a certain degree, we would at laft come 
to a point where the fpecific gravity of the included 
air would be equal to the air without ; and, in this 
cafe, as the cool air would no longer tend to rife up- 
wards, it would become a graviatmg mafs, refilling the 
afcenfion of the air below. Befides, as this air, which 
has ferved for combuftion, is neceffarily mixed with 
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carbonic acid gas, which is confiderably heavier than 
common air, if the tube were made long enough, the 
air might at laft approach fo near to the temperature 
of the external air, as even to graviate downwards ; 
hence we muft conclude, that the length of the tube 
added to a furnace muft have fome limit, beyond which 
it weakens, inflead of ftrengthening, the force of the 
fire. 

From thefe reflections it follows, that the firfl: foot of 
tube added to a furnace produces more effect than the 
fixth, and the fixth more than the tenth ; but we have 
no data to afcertain at what height we ought to flop. 
This limit of ufeful addition is fo much the farther in 
proportion as the materials of the tube are weaker con- 
ductors of heat, becaufe the air will thereby be fo 
much lefs cooled ; hence baked earth is much prefer- 
able to plate iron. It would be even of confequence 
to make the tube double, and to fill the interval with 
rammed charcoal, which is one of the worft known 
conductors of heat ; by this the refrigeration of the 
air will be retarded, and the rapidity of the ftream 
of air confequently increafed ; and, by this means, 
the tube may be made fo much the longer. 

As the fire-place is the hottefl part of a furnace, and 
the part where the air is mofl dilated in its paffage, this 
part ought to be made with a confiderable widening or 
belly. This is the more neceffary, as it is intended to 
contain the charcoal and crucible, as well as for the paf- 
fage of the air which fupports, or rather produces the 
combuflion ; hence we only allow the interfaces be- 
tween the coals for the paffage of the air. 
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From thefe principles my melting furnace is con- 
ftructed, which I believe is at laft equal in power to 
any hitherto made, though I by no means pretend that 
it poffefles the greateft poffible intenfity that can be 
produced in chemical furnaces. The augmentation of 
the volume of air produced during its paifage through 
a melting furnace not being hitherto afcertained from 
experiment, we are ftill unacquainted with the propor- 
tions which mould exift between the inferior and fu- 
perior apertures, and the abfolute fize of which 
thefe openings fhould be made is ftill lefs underftood ; 
hence data are wanting by which to proceed upon 
principle, and we can only accomplifh the end in view 
by repeated trials. 

This furnace, which, according to the above-fhted 
rules, is in form of an elleptical fpheroid is reprefented 
PI. XIII, Fig. 6, ABCD ; it is cut off at the two ends 
by two plains, which pafs, perpendicular to the axis, 
through the foci of the ellipfe. From this fhape it is 
capable of containing a confiderable quantity of char- 
coal, while it leaves fufficient fpace in the intervals for 
the paflage of the air. That no obftacle may oppofe 
the free accefs of external air, it is perfectly open be- 
low, after the model of Mr. Macquer's melting furnace, 
and Hands upon an iron tripod. The grate is made of 
flat bars fet on edge, and with confiderable interflices. 
To the upper part is added a chimney, or tube of 
baked earth, ABFG, about eighteen feet long, and 
almofl half the diameter of the furnace. Though this 
furnace produces a greater heat than any hitherto 
employed by chemifts, it is ftill fufceptible of being 
confiderably increafed in power by the means already 
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mentioned, the principal of which is to render the 
tube as bad a conductor of heat as poffible, by making 
it double, and filling the interval with rammed char- 
coal. 

"When it is required to know if lead contains any 
mixture of gold or filver, it is heated in a ftrong fire in 
capfules of calcined bones which are called cuppels. 
The lead is oxydated, becomes vitrified, and finks into 
the fubftance of the cuppel, while the gold or filver, 
being incapable of oxydation, remain pure. As lead 
will not oxydate without free accefs of air, this ope- 
ration cannot be performed in a crucible placed in 
the middle of the burning coals of a furnace, be- 
caufe the internal air, being moflly already reduced by 
the combuftion into azotic and carbonic acid gas, is no 
longer fit for the oxydation of metals. It was therefore 
neceffary to contrive a particular apparatus, in which 
the metal mould be at the fame time expofed to the 
influence of violent heat, and defended from contact, 
with air rendered incombuftible by its paffage through 
burning coals. 

The furnace intended for anfwering this double pur- 
pofe is called the cuppelling or efTay furnace. It is 
ufually made of a fquare form, as reprefented PL XIIT, 
Fig. 8 and 10, having an afh-hole A ABB, a fire-place 
BBCC, a laboratory CCDD, and a dome DDEE. 
The muffle or fmall oven of baked earth GH, Fig. 9, 
being placed in the laboratory of the furnace upon crofs 
bars of iron, is adjufled to the opening GG, and luted 
with clay foftened in water. The cuppels are placed 
in this oven or muffle, and charcoal is conveyed into the 
furnace through the openings of the dome and fire- 
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place. The external air enters through the openings 
of the afh-hole for fupporting the combuftion, and ef- 
capes by the fuperior opening or chimney at EE ; and 
air is admitted through the door of the muffle GG for 
oxydating the contained metal. 

Very little reflection is fufficient to difcover the 
erroneous principles upon which this furnace is con- 
ftru&ed. When the opening GG is fhut, the oxydation 
is produced flowly, and with difficulty, for want of air 
to carry it on ; and, when this hole is open, the flream 
of cold air which is then admitted fixes the metal, and 
obftrucls the procefs. Thefe inconveniences may be 
eafily remedied, by conflruding the muffle and furnace 
in fuch a manner that a flream of frefh external air 
mould always play upon the furface of the metal, and 
this air mould be made to pafs through a pipe of clay 
kept continually red hot by the fire of the furnace. 
By this means the infide of the muffle will never be 
cooled, and proceffes will be finifhed in a few minutes 
which at prefent require a confiderable fpace of time. 

Mr. Sage remedies thefe inconveniences in a differ- 
ent manner ; he places the cuppel containing lead, al- 
loyed with gold or filver, amongft the charcoal of an 
ordinary furnace, and covered by a fmall porcelain 
muffle ; when the whole is fufficiently heated, he di- 
rects the blaftof a common pair of hand-bellows upon 
the furface of the metal, and completes the cuppella- 
tion in this way with great eafe and exa&nefs. 
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Of Increafing the Aclion of Fire, by ufing Oxygen Gas 
injiead of Atmofpheric Air. 

By means of large burning-glafles", fuch as thofe of 
Tchirnhaufen and of Mr. de Trudaine, a degree of heat 
is obtained fomewhat greater than has. hitherto 
been produced in chemical furnaces, or even in the 
ovens of furnaces ufed for baking hard porcelain. But 
thefe inftruments are extremely expenfive, and do not 
even produce heat fufficient to melt crude platina ; fo 
that their advantages are by no means fufficient to com- 
penfate for the difficulty of procuring, and even of 
ufing them. Concave mirrors produce fomewhat more 
effecl: than burning-glafles of the fame 'diameter, as is 
proved by the experiments of Meflrs. Macquer and 
Beaume with the fpeculum of the Abbe Bouroit ; but 
as the direction of the reflected rays is neceflarily 
from below upwards, the fubftance to be operated 
upon muft be placed in the air without any fupport, 
which renders mofl chemical experiments impoflible to 
be performed with this inflrument. 

For thefe reafons, I firft endeavoured to employ oxy- 
gen gas in combuftion, by filling large bladders with it, 
and making it pafs through a tube capable of being 
fhut by a ftop-cock ; and in this way 1 fucceeded in 
caufing it to fupport the combuftion of lighted char- 
coal. The intenfity of the heat produced, even in my 
3 Q 
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firft attempt, was fo great as readily to melt a fmall 
quantity of crude platina. To the fuccefs of this at- 
tempt is owing the idea of the gazometer, defcribed 
p. 18, et feq. which I fubftituted inftead of the blad- 
ders ; and, as we can give the oxygen gas any necef- 
fary degree of preflure, we can with this inftrument 
keep up a continued ftream, and give it even a very 
confiderable force. 

The only apparatus necefiary for experiments of this 
kind confiftsof a fmall table, ABCD, PL XII, Fig. 15, 
with a hole F, through which paffes a tube of copper or 
filver, ending in a very fmall opening at G, and cap- 
able of being opened or fhut by the ftop-cock H. This 
tube is continued below the table at I mn 0, and is con- 
nected with the interior cavity of the gazometer. 
When we mean to operate, a hole of a few lines deep 
muft be made with a chifel in a piece of charcoal, into 
which the fubftance to be treated is laid ; the charcoal 
is fet on fire by means of a candle and blow-pipe, after 
which it is expofed to a rapid ftream of oxygen gas from 
the extremity G of the tube FG. 

This manner of operating can only be ufed with 
fuch bodies as may be placed, without inconvenience, in 
contact with charcoal, fuch as metals, fimple earths, 
&c. But for bodies whofe elements have affinity to 
charcoal, and which are confequently decompofed by 
that fubftance, fuch as fulphats, phofphats, and moft 
of the neutral falts, metallic glafles, enamels, &c. we 
muft ufe a lamp, and make the ftream of oxygen gas 
pafs through its flame. For this purpofe, we ufe the 
-elbowed blow-pipe ST, inftead of the bent one FG, 
employed with charcoal. The heat produced in this 
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fecond manner is by no means fo intenfe as in the for- 
mer way, and is very difficultly made to melt platina. 
In this manner of operating with the lamp, the fub- 
flances are placed in cuppels of calcined bones, or lit- 
tle cups of porcelain, or even in metallic difhes. If 
thefe laft are fufficiently large, they do not melt, be- 
caufe metals being good conductors of heat, the calo- 
ric fpreads rapidly through the whole mafs, fo that 
none of its parts are very much heated. 

In the Memoirs of the Academy for 1782, p. 476, 
and for 1783, p. 573, the feries of experiments I have 
made with this apparatus may be feen at large. The 
following are fome of the principal refults. 

1. Rock-cryflal^ or pure filiceous earth, is infufible, 
but becomes capable of being foftened or fufed when. 
mixed with other fubflances. 

2. Lime, magnefia, and barytes, are infufible, either 
when alone, or when combined together, but efpe- 
cially lime j they affifl the fufion of every other 
body. 

3. Argil, or pure bafe of alum, is completely fufible 
per fe into a very hard opake vitreous fubflance, which 
fcratches glafs like the precious flones. 

4. All the compound earths and flones are readily 
fufed into a brownifh glafs. 

5. All the faline fub fiances, even fixed alkali, are 
volatilized in a few feconds. 

6. Gold, filver, and probably platina, are flowly vo- 
latilized without any particular phenomenon. 

7. All other metallic fubflances, except mercury,, 
become oxy dated,, though placed upon charcoal, and.. 
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burn with different coloured flames, and at lad difiipate 
altogether. 

8. The metallic oxyds likewife all burn with flames. 
This feems to form a diftinclive character for thefe 
fubftances, and even leads me to believe, as was fuf- 
pe&ed by Bergman, that barytes is a metallic oxyd, 
though we have not hitherto been able to obtain the 
metal in its pure or reguline ftate. 

9. Some of the precious ftones, as rubies, are capa- 
ble of being foftened and foldered together, without 
injuring their colour, or even diminilhing their weights. 
Thehyacinthjthough almofl equally fixed with the ruby, 
lofes its colour very readily. The Saxon and Brafilian 
topaz, and the Brafilian ruby, lofe their colour very 
quickly, and lofe about a fifth of their weight, leaving a 
white earth refembling white quartz, or unglazed china. 
The emerald, chryfolite, and garnet, are almofl inflantly 
melted into an opake and coloured glafs. 

10. The diamond prefents a property peculiar to 
itfelf ; it burns in the fame manner with combuftible 
bodies, and is entirely diffipated. 

There is yet another manner of employing oxygen 
gas for confiderably increafing the force of fire by ufing 
it to blow a furnace. Mr. Achard firft conceived this, 
idea ; but the procefs he employed, by which he 
thought to dephlogifticate, as it is called, atmofpheric 
air, or to deprive it of azotic gas, 'is absolutely unfatis- 
factory. I propofe to conftruct a very fimple furnace, 
for this purpofe, of very refra&ory earth, fnnilar to the 
one reprefented PI. XIII, Fig. 4, but fmaller in all its di- 
menfions. It is to have two openings, as at E, through 
one of which the nozzle of a pair of bellows is to pafs, 
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by which the heat is to be raifed as high as poflible with 
common air ; after which, the ftream of common air 
from the bellows being fuddenly ftopt, oxygen gas is 
to be admitted through a tube, at the other opening, 
communicating with a gazometer having the preffure 
of four or five inches of water. I can in this manner 
unite the oxygen gas from feveral gazometers, fo as to 
make eight or nine cubical feet of gas pafs through the 
furnace ; and in this way I expecl: to produce a heat 
greatly more intenfe than any hitherto known. The 
upper orifice of the furnace muft be carefully made of 
confiderable dimenfions, that the caloric produced 
may have free iflue, left the two fudden expanfion of 
that highly elaflic fluid mould produce a dangerous 
explofion. 
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No. I. 

Table for Converting Lines, or Twelfth Parts of an. 
Inch, and Fractions of Lines, into Decimal Frac- 
tions of the Inch. 



Twelfth Parts 


Decimal 




Decimal 


of a Line. 


Fractions. 


Lines. 


Fractions. 


I 


O.O0694 


I 


0-08333 


2 


O.OI389 


2 


O.16667 


3 


O.02083 


3 


O.25OOO 


4 


O.02778 


4 


°-33333 


5 


O.O3472 


5 


0.41667 


6 


O.O4167 


6 


0.50000 


7 


O.O4861 


7 


°-5 8 333 


8 


O.05556 


8 


0.66667 


9 


O.0625O 


9 


0.75000 


IO 


O.06944 


10 


°- 8 3333 


ii 


O.07639 


11 


0.91667 


12 


0.08333 


12 


1. 00000 
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No. II. 

Table for Converting the obferved Heights of Water 
in the Jars of the Pneumato-Chemical Apparatus, 
expreffed in Inches and Decimals, to Correfponding 
Heights of Mercury. 



Water. 


Mercury. 


Water 


Mercury 


.1 


.OO737 


4- 


.29480, 


.2 


.OI474 


5- 


.36851 


•3 


.02201 


6. 


.44221 


•4 


.02948 


• 7- 


-5*59^ 


•5 


.03685 


8. 


.58961 


.6 


.04422 


9- 


.66332 


•7 


•°5 J 59 


10. 


.73702 


.8 


.05896 


1 1. 


.81072 


•9 


.06633 


12. 


.88442 


i. 


.07370 • 


J 3- 


.96812 


2. 


.14740 


14. 


1. 04182 


3- 


.22010 


*5- 


1.11525 
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No. III. 

Table for converting the Ounce Meafures ufed by 
Dr. Prieftley into French and Englifh Cubical In- 
ches*. 



Ounce 


French cubi- 


Englifh cubi' 


Meafures. 


cal inches. 


cal inches. 


I 


*'567 


I.898 


2 


3-!34 


3796 


3 


4.701 


5-694 


4 


6.268 


7*592 


5 


7-835 


9.49O 


6 


9.402 


II.388 


7 


10.969 


I3.286 


8 


12.536 


I5.184 


9 


14.103 


I7.082 


10 


15.670 


18.980 


20 


3 I -34o 


37.960 


3° 


47.010 


56.940 


40 


62.680 


75.920 


5° 


7*-35° 


94.9OO 


60 


94.020 


II3.880 


70 


109.690 


I32.860 


80 


125.360 


I5I.84O 


90 


141.030 


170.820 


100 


156.700 


189.80O 


1000 


1567.000 


1898.OOO 



* The ounce meafure of Dr. Prieftley contains an ounce troy, or 480 grains 
of pure water. The Cubical contents, as given in the above table, are retained 
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No. IV. 

ADDITIONAL. 

Rules for Reducing the Degrees of Reaumur's and of 
the Swedifh Thermometer, to the Correfponding 
degrees on Fahrenheit's Scale.* 

i 

The fcale of Fahrenheit's thermometer is divided into 
212 degrees from Zero, the cold produced by a freez- 
ing mixture of fait and fnow, to the temperature of 
boiling water ; Reaumur's fcale has the Zero placed at 
the temperature of freezing water or melting ice, and 
the interval between that and the temperature of boil- 
ing water is divided into 80 degrees : The Swedifh 
thermometer has its Zero in the fame place with that 
of Reaumur, and the interval to the point of boiling 
water is divided into 100 degrees. Thefe are the prin- 
cipal thermometers now ufed in Europe, and the tem- 



from the French of Mr. Lavoifier reducing the French meafarc to Englifh ac- 
cording to the bed and moft generally received companion of their ratio, as 
given more at large in No. V, of this appendix If, however, the experiments of 
Mr. Everard be followed, as noticed in No. IX, of the appendix, the Englifh 
cubical mcafure of one ounce ought to have been 1.8959, inftead of the above 
— T. 



* In the former edition of this tranflation, a table was given on the degrees 
on Reaumur's fcale, with the correfponding degrees of Fahrenheit, from freez- 
ing to boiling water. But the formulae in this artiele were thought more goner 
-rally ufeful and more convenient.— T. 
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perature indicated by any of them may be reduced into 
the correfponding degrees on any of the others by 
means of the following fimple cannons ; in which R 
fignifies the degrees on the fcale of Reaumur, F thofe 
of Fahrenheit, and S thofe of the Swedifh thermo- 
meter. 

i. To convert the degrees of Reaumur to thofe of 
Fahrenheit ; H- 9 f 3 2=F. 

2. To convert the degrees of Fahrenheit to thofe of 
Reaumur; ^f*- 4 =R. 

3. To convert the Swedifh degrees to thofe of Fah- 
renheit; 5L2-t 32=F. 

4. To convert Fahrenheit's to Swedifh ; ^=^- 5 =S. 

5. To convert Swedifh degrees to thofe of Reau. 

SX4 T> 

mur; — =R. 

6. To convert Reaumur's degrees to Swedifh ; 

To fuch readers as are unacquainted with the algebraic 
expreflion of arithmetical formulae, it will be fufficient 
to exprefs one or two of thefe in words to explain their 
ufe. — 1. Multiply the degree of Reaumur by 9, di- 
vide the product by 4, and to the quotient add 32, the 
fum expreffes the degree on the fcale of Fahrenheit.— 
2. From the degree of Fahrenheit fubftra£t 32, multi- 
ply the remainder by 4, and divide the product by 9, 
the quotient is the degree according to the fcale of. 
Reaumur, &c. 
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No. V. 
ADDITIONAL. 

Rules for Converting French Weights and Meafurea 
into correfpondent Englifh Denominations.* 

§ i. Weights. 

The Paris pound, poids de marc of Charlemagne, 
contains 921 6 Paris grains 5 it is divided into 16 ounces,, 
each ounce into 8 gros, and each gros into 72 grains. 
It is equal to 7561 Englifh Troy grains. 

The Englifh Troy pound of 12 ounces contains 
5760 Englifh Troy grains, and is equal to 702 1 Paris 
grains. 

The Englifh avoirdupois pound of 16 ounces contains 
7000 Englifh Troy grains, and is equal to 8538 Paris 
grains. 

To reduce Paris grs. to Englifh Troy grs. "] 
divide by I 

To reduce Englifh Troy grs. to Paris grs. [ I,2I °9 
multiply by - - . ' J 



* For the materials- of this Article the Tunflator. is indebted to Profeflbr 
Robinfon^-T. 
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To reduce Paris ounces to Englifh Troy, "j 

divide by . - - - L ioic7-ia 

To reduce Englifh Troy ounces to Paris, f ' ->'& 

multiply by J 

Or the converfion may be made by mear\s of the fol- 
lowing tables. 

I. To reduce French to Englijh Troy Weight, 



The Paris pound 
The ounce 
The gros 
The grain 



= " 6l , ] Englifh 
= 59-°7°3f Gra f ns . 

= .Q204J 



II. To reduce Englijh Troy to Paris Weight. 



The Englifh Troy pound 

of 12 ounces, 
The Troy ounce, 
The dram of 60 grs 
The penny-weight, or de- 
nier, of 24 grs. 
The fcruple, of 20 grs. 
The grain, 



7020. 

5%5>°%33 
73- I 354 

73- l 354 

24.3784 
1. 2189 j 



Paris 
grains. 



III. To Reduce EngliJJo Avoirdupois to Paris Weight. 



The avoirdupois pound 
of 16 ounces or 7000 
Troy grains, 

T^he ounce, 



-8538. 

= 533- 62 5° J 



Paris 
grains. 
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§ 2. Long and Cubical Meafures. 

To reduce Paris running feet or inches in- ^ 

to Englim, multiply by i 1.0659,7 

Englim running feet or inches into Pans, J Jy/ ' 

divide by - - - J 

To reduce Paris cubic feet or inches to "] 

Englifli, multiply by _ . I i 211278 

Englilh cubic feet or inches to Paris, di- J ' 

vide by j 

Or by means of the following tables : 



IV. To Reduce Paris Long Meafure io Englijh. 



The Paris royal foot of 12 ? 1 
inches - - < = I2 -7977 

inches, 3 I Englifli 

The inch, - = i.ooco >. P 

Jy J inches. 



The line or Ti of an inch, = .0! 

The-rV - - = .0074 J 



V. To Reduce Englijh Long Meafure to French. 



The Englifli foot, = 11.2596 

The inch, = .9383 

The \ of an inch, = .1 173 

The T V = .0938 

The line, or 7x = .0782 „ 



Paris inches. 
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VI. To reduce French Cube Meafure to Englijh. 

The Paris 1 English") "| 

cube foot= 1.2 11278 (cubical (2093.088384 ', . , 
The cubic f feet, \ > mches ' 

inch =.000700 J or J 1.2 11 278 J 

VII. To Reduce Englijh Cube Meafure to French* 

The English cube foot, ? = 1427.4864"} F h 
or 1728 cubical inches, 3 I K - , 

The cubical inch = .8260 p UDlcaI 

The cube tenth = .0008 



§ Meafure of Capacity. 

The Paris pint contains 58.145 f Englifh cubical in- 
ches, and the Englifh wine pint contains 28.875 t cu ~ 
bical inches; or the Paris pint contains 2.01 7 1082 
Englifh pints, and the Englifh pint contains .49617 
Paris pints ; hence, 



* To convert the weight of a French cubic foot of any particular fubftance 
given in French grains into the correfponding weight of an Englifh cubic foot 
in Englifh troy grains, multiply the French grains by 0.6773181, and the pro- 
duct is the number of Englifh troy grains contained in an Englifh cubic foot of 
the fame fubftance. 

f It is faid by Belidor, Archlt. Hydrtg. to contain 31 02. 64 grs. of water, 
which makes it 58.075 Englifh inches ; but, as there is confiderable uncertainty 
in the determinations of the weight of the French cubical meafure of water, 
owing to the uncertainty of the ftandards made ufe of, it is better to abide by 
Mr. Everard's meafure, which was made by the Exchequer ftandards, and by 
the proportions of the Englifh and French foot, as eftablifhed by the French 
Academy and Royal Society. 

\ According to Beaume, the Paris pint contains ^i French ounces of water, 
at the temperature of 54.5 degrees of Fahrenheit ; which would make it equal 
to 53.729 Englifh cubical inches. 
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To reduce the Paris pint to the 

Englifh, multiply by - J 2>ol7lo g 2 

To reduce the Englifh pint to the } 

Paris, divide by - - J 

The Septier of Paris is 7736 French, or 9370.44 
Englifh, cubical inches; and theMuid is 92832 French, 
or 1 12445*4 Englifh cubical inches. 



No. VI. 

ADDITIONAL 

Rules for Reducing the Swedifh Weights and Mea- 
fures, ufed by the Celebrated Bergman and Scheele, 
to Englifh Denominations*. 

The Swedifh pound, which is divided like the En- 
glifh Apothecary or Troy pound, weighs 6556 grs. 
troy. 

The Kanne of pure water according to Bergman, 
weighs 42250 Swedifh grains, and occupies 100 Swedifh 
cubical inches. Hence the Kanne of pure water weighs 
48088.719444 Englifh troy grains, or is equal to 
189,9413 Englifli cubic inches ; and the Swedifh lon- 
gitudinal inch is equal to 1.238435 Englifh longitudi- 
nal inches. 

* For this article, which was adc'ed in the fecond edition, I am indebted to 
the friendly aflifUnce of Dr. Kotheram.— T. 
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From thefe data, the following rules are deduced. 
i. To reduce Swedifh longitudinal inches to Englifh 
— Multiply by 1.2384, or divide by 0.80747. 

2. To reduce Swedifh to Englifh cubical inches ■ 

Multiply by 1.9, or divide by 0.5265. 

3. To reduce the Swedifh pound, ounce, dram 
fcruple, or grain, to the correfponding Englifh troy de- 
nomination, multiply by 1.1382, or divide by .8786. 

4. To reduce the Swedifh Kannes to Englifh wine 
pints, multiply by .1520207, or divide by 6.57804. 

5. The Lod, a weight fometimes ufed by Bergman, 
is the 32d part of the Swedifh pound : Therefore to 
reduce it to the Englifh troy pound, multiply by ^o^^y^ 
or divide by 28.1156. 



3 s 



i 7 * 
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No. VII. 

Table of the Weights of the different Gafes, at 28 
French inches, or 29.85 Englifh inches barometri- 
cal preffure, and at 5.45 of temperature, exprefled 
in Englifh meafure and Englifh Troy weight. 



Names of 


Specific gravity, 


Weight of a cu- 


Weight of a cu- 


the Gafes. 


water being iooo. 


bical foot in grs. 


bical inch in grs. 


Atmofpheric* 


I.2308 


53 8 -45 


.3IIO23 


Azotic 


1. 189O 


520.17 


• 243*54 


Oxygen 


i-35 62 


593-3 2 


•343345 


Hydrogen 


0.094671 


41.41 


.023964 


Carbonic acid 

# # 


1.8454 


807.34 


.467326 


Nitrous 


1.463 1 


640.09 


.370422 


Ammoniacal 


°-73539 


321.72 


.186180 


Sulphurous acid 1.8856 


824.98 


.471631 



* Thefe five were afcertained by Mr. Laveifier himfelf — T. 



« * The laft three are infcrted by Mr. Lavoifier upon the authority of Mr 
Kirwan.— -T. 
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No. VIII. 

Table of the Specific Gravities of different Bodies. 

§ 1. Metallic Subjiances. 

GOLD. 

Pure gold of 14 carats melted, but not ham- 
mered, 19.2581 

The fame hammered, - - 19.3617 
Gold of the Parifian flandard, 22 carats fine 

not hammered,* - 17.4863 

The fame hammered, - - 17.5894 
Gold of the flandard of French coin, 2 1 If 

carats fine, not hammered, - 17.4022 
The fame coined, - 17.6474 
Gold of the French trinket flandard, 20 car- 
rats fine, not hammered, - 15.7090 
The fame hammered, - - *5j7746 

SILVER. 

Pure or virgin filver, 1 2 deniers, not ham- 
mered, - - - 10.2743 
The fame hammered, - - 10.5107 

* The fame with Sterling. 
■ \ This is logrs. finer than Sterling. 
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Silver of the Paris ftandard, n jdeniers 10 

grains fine, not hammered,! - 10.157* 

The fame hammered, - - 10.3765 

Siler, ftandard of French coin, 10 deniers 21 

grains fine, not hammered, * 10,0476 

The fame coined, ... 10.4077 

PLATINA. 

Crude platina in grains, - - 15.6017 
The fame, after being treated with muriatic 

acid, - 16.7521 

Purified platina, not hammered, - 19.5000 

The fame hammered, - 20.3366 

The fame drawn into wire, - 21.0417 

The fame paffed through rollers, - 22.0690 

COPPER and BRASS. 

Copper not hammered, - - 7.7880 

The fame wire drawn, - 8.8785 

Brafs not hammered, , - 8.3958 

The fame wire drawn, - 8.5441 

Common caft brafs, - - 7.8240 

IRON and STEEL. 

Caft iron, - - - 7.2070 

Bar iron, either hardened or not, - 7.7880 

Steel, neither tempered nor hardened, 7*833 1 
Steel, hardened under the hammer, but not 

tempered, • - 7.8404 
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Steel, tempered and hardened, 
Steel, tempered and not hardened, 



7.8180 
7.8163 



OTHER METALS. 



Pure tin from Cornw; 


ill melted and not 




hardened, 


- 


7.29H 


The fame hardened, 


- 


7.2994 


Malacca tin, not hardened, 


7.2963 


The fame hardened, 


- 


7-3 o6 5 


Molten lead, 


- 


ll '35*3 


Molten zinc, 


- 


7.1908 


Molten bifmuth, 


- 


9.8227 


Molten cobalt, 


- 


7.8199 


Molten arfenic, 


- 


57633 


Molten nickel, 


- 


7.8070 


Molten antimony, 


- 


6.7021 


Crude antimony, 


- 


4.0643 


Glafs of Antimony, 


- 


4.9464 


Molybdena, 


- 


473 8 5 


Tungftein, 


_ ~k 


6.066^ 


Mercury, 


- 


13.5681 


Uranium, 


- 


6.4400 



§ 2. Precious Stones. 



White Oriental diamond, 
Rofe-coloured Oriental ditto, 
Oriental ruby, 
Spinell ditto, 
Ballas ditto, 
Brafilian ditto, 



3-5 212 

3-53 10 
4.2833 

3.7600 
3-6458 
3-53 11 
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Oriental topas - 


4.0106 


Oriental Piftachio topas 


4.0615 


Brafilian ditto - 


3-53 6 5 


Saxon ditto - 


3-5 6 4o 


Ditto white ditto 


3-5535 


Oriental Saphir - 


3-9941 


Ditto white ditto - 


3-99H 


Saphire of Puy - - - 


4.0769 


Ditto of Brafil 


3- I 3°? 


Girafol - 


4.0000 


Ceylon jargon ... 


4.4161 


Hyacinth 


3.6873 


Vermilion - 


4.2299 


Bohemian garnet 


4.1888 


Dodecahedral ditto 


4.0627 


Syrian ditto - 


4.0000 


Volc?r< ; c ditto with 24 fides 


2.4684 


Peruvian emerald 


2 -775S 


Cryfolite of the jewellers 


2.7821 


Ditto of Brafil 


2.6923 


Beryl or Oriental aqua marine 


3-5489 


Occidental aqua marine 


2.7227 


§ 3. Siliceous Stones. 




Pure rock cryftal of Madagafcar 


2.6530 


Ditto of Brafil 


2.6526 


Ditto of Europe, or gelatinous 


2.6548 


Cryftallized quarts 


2.6546 


Amorphous ditto 


2.6471 


Oriental agate 


2.5901 


Agate onyx - 


2.6375 


Tranfparent calcedony 


2.6640 
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Carnelian - - - 2.6137 

Sardonyx - - 2.6025 

Prafe - - - 2*5805 

Onyx pebble - - 2.6644 

Pebble of Rennes - 2-6538 

White jade - - 2.9502 

Green jade - 2.9660 

Redjafper - - 2.6612 

Brown ditto - - 2.691 1 

Yellow ditto, - - 2.7 101 

Violet ditto - - 2.71 11 

Grey ditto - - 2.7640 

Jafponyx - - 2.8160 

Black prifmatic hexahedral fchorl - 3*3852 

Black fpary ditto - - 3-3852 
Black amorphous fchorl, called antique bafaltes 2.9225 

Paving (tone - - 2.4158 

Grind flone - - 2.1429 

Cutler's ftone - - 2 - IJ[I 3 

Fountainbleau (tone - - 2.5616 

Scythe ftone of Auvergne - - 2.5638 

Ditto of Lorrain - 2.5298 

Mill flone - - 2 4835 

White flint, - - 2.594,1 

Blackifh ditto - * 2.5817 

§ 4. Various Stones, &c. 

Opake green Italian ferpentine, or gabro of 

the Florentine ... 2.4295 

Coarfe Briangon chalk - - 2.7274 

Spanifti chalk - - - 2.7202 



i8 4 
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Foliated lapis ollaris of Dauphiny 


2.7687 


Ditto ditto from Sweden 


2 - 8 53 r 


Mufcovy talc 


2.7917 


Black mica - 


2.9004 


Common fchiftus or Hate 


2.6718 


New flate - 


i'%S3S 


White razor hone 


2.8763 


Black and white hone 


3^3 11 


Rhombic or Iceland cryftal 


2.7151 


Pyramidal calcareous fpar 


■ 2.7302 


Oriental or white antique alabafter 


2.7141 


Green Campan marble - . 


2.7417 


Red Campan marble 


2.7242 


White Carara marble « 


2.7168 


White Parian marble 


2.8376 


Various kinds of Calcareous ftones ufed 7 1 
in France for building 3 


from 1.3864 


to 2.3902 


Ore of Uranium 


7.5000 


Heavy fpar ... 


4.4300 


Strontitic fpar 


C 3.7260 
£3.6500 


White fluor - 


3- l 55S 


Red ditto ... 


3.1911 


Green ditto 


3 1817 


Blue ditto 


3.1688 


Violet fluor - 


3^757 


Red fcintilant zeolite from Edelfors 


2.4868 


White fcintilant zeolite 


2.0739 


Cryftallized zeolite 


2.0833 


Black pitch flone 


2.0499 


Yellow pitch ftone 


1.0860 


Red ditto 


2.6695 
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Blackifh ditto 


2.3191 


Red porphyry - - 


2.7651 


Ditto of Dauphiny 


2.7033 


Green Terpentine - 


2.8960 


Black ditto of Dauphiny, called variolke 


2.9339 


Green ditto from Dauphiny 


2.9883 


Ophites - 


2.9722 


Granitello - 


3.0626 


Red Egyptian granite 


2.6541 


Beautiful red granite - '- 


2.7609 


Granite of Girardmas 


2.7163 


Pumice ftone - - 


•9 J 45 


Lapis obfidianus * 


2.3480 


Pierre de Volvic 


2.3205 


Touch ftone - 


2.4153 


Bafaltes from Giants Caufeway 


2.8642 


Ditto prifmatic from Auvergne 


2.4153 


Glafsgall 


2.8548 


Bottle glafs - *■ 


2.73 2 5 


Green glafs 


2.6423 


White glafs 


2.8922 


St. Gobin cryflal 


2.4882 


Leith cryftal 


3.1890 


Flint glafs - - 


3-3293 


Borax glafs 


2.6070 


Seves porcelain 


2.1457 


Limoges ditto 


2.3410 


China ditto 


2.3847 


Native fulphur 


2.0332 


Melted fulphur 


i.9907 


Phofphorus 


1. 7140 


Hard peat - - *» 


1.3290 
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Ambergris 




- 


.9263 


Yellow tranfparent amber 


- 


1.0780 


§ * 


u 


'.quids. 




Diftilled water 


_ 


m 


1. 0000 


Rain water 




- 


1. 0000 


Filtered water of the Seine 


- 


1. 00015 


Arcueil water 




- 


1.00046 


Avray water 


- 


- 


1.00043 


Sea water 




- 


1.0263 


Water of the Dead Sea 




- 


1.2403 


Burgundy wine 




" 


.9915 


Bordeaux ditto 




- 


•9939 


Malmfey Madeira 




' 


1.0382 


Red beer 




- 


i-v'h'fi 


White ditto 




- 


1. 0231 


Cyder 




- 


1.0181 


Highly rectified alcohol 




- 


.8293 


Common fpirits of wine 




- 


*Z1\ 


Alcohol, i5pts. j water 


. 1 ] 


part 


.8527 


14 


a 




.8674 


*3 


3 




.8815 


12 


4 




.8947 


1 1 


5 




•9°75 


JO 


6 




.9199 


9 


7 




•93*7 


8 


8 




.9427 


7 


9 




•95*9 


6 


10 




•9594 


5 


11 




.9674 


4 


12 




•9733 
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3 x 3 -979 1 

2 14 -9852 

I 15 .9919 

Sulphuric ether, - - -7394 
Nitric ether, - - .9088 
Muriatic ether, - - .7298 
Acetic ether, - - .8664 
Highly concentrated Sulphuric acid, - 2.1250 
Common Sulphuric acid, - 1.8409 
Highly concentrated Nitric acid - 1.5800. 
Common Nitric ditto, - I « 2 7 I £ 
Muriatic ditto - - 1.1940 
Fluoric acid, - - 1.5000 
Red acetous ditto, - - 1.0251 
White acetous ditto, - I '° 1 35 
Diftilled ditto ditto, - - 1.0095 
Acetic ditto - - 1.0626 
Formic ditto - - -9942 
Solution of cauftic ammoniac, or volatile al- 
kali fluor - - - .8970 
Effential or volatile oil of turpentine .8697 
Liquid turpentine - - .9910 
Volatile oil of lavender - - -8938 
Volatile oil of cloves - - 1.0363 
Volatile oil of cinnamon - - f .°439 
Oil of olives - - - .9153 
Oil of fweet almonds - - .9170 
Lintfeed oil - .94°3 
Oil of poppy feed - - .9288 
Oil of beech matt - - -9 l 7 6 
Whale oil - - - -9 2 33 
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Woman's milk 
Mare's milk 
Afs milk 



1.0203 
1.0346. 
J -°355 



Goat's milk - - I -°34i 

Ewe milk - . 1.0409 

Cow's milk - - - 1-0324 

Cow whey - - 1.0192 

Human urine - - 1.0106 

§ 6. Re/ins and Gums. 



Common yellow 


or white rofin 


- 


I.0727 


Arcanfon 


- 




I.0857 


Galipot* 


* 


- 


I. 08l9 


Baras* 


- 


- 


1.0441 


Sandarac 


t 


- 


I.0920 


Maftic 


- 


- 


I.0742 


Storax 


- 


- 


I.IO98 


Opake copal 


- 


- 


I. 1398 


Tranfparent ditto 


- 


^ 


LO452. 


Madagafcar ditto 


- 


- ■ 


I.O6OO 


Chinefe ditto 


- 


- 


|I.0682 


Elemi 


- 


- 


1.0128 


Oriental anime 


- 


- 


I.0284 


Occidental ditto 


- 


- 


I.0426 


Labdanum 


- 


- 


I. 1862 


Ditto in forth 


- 


- 


2 -4933 


Refm of guiac 


T 


- 


1.2289 


Ditto of jallop 


- 


- 


1.2185 


Dragon's blood 


- 


- 


1.2045 


Gum lac 


- 




1. 1390 



* Rcfinous juices extracted in France from the Pine. Vide Bomares Dia. 
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Tacamahaca - - 1.0463 

Benzoin - - 1.0924 

Alouchi* - - 1.0604 

Caragnaf - - 1.1244 

Elaflicgum - - .9335 

Camphor r - .9887 

Gum ammoniac - - 1.2071 

Sagapenum - - 1.2008 

Ivy gum+ - - 1.2948 

Gamboge •- - 1.22 16 

Euphorbium - « 1.1244 

Olibanum * - I « I 732 

Myrrh - .- 1.3600 

Bdellium - - l -2>7 l 7 

Aleppo Scamony - - 1.2354 

Smyrna ditto • - * I>2 743 

Galbanum - - 1.2120 

Aflafoetida - - I -3 2 75 

Sarcocolla - - 1.2684 

Opoponax •, - 1.6226 

Cherry-tree gum - - 1.48 17 

Gum Arabic - - 1.4523 

Tragacanth - - 1-3161 

Bafora gum . _ 1*4346 

Acajou gum || - - 1.4456 



* Odoriferous gum from the tree which produces the Cortex Wintcranus.— 
Bomare. 



f Refin of the tree called in Mexico Caragna, or Tree of Madnefs — Ibid. 

f Extracted in Perfia and the warm countries from Hedera terreftris.— Ibid. 

|| From a Brafilian tree of this name.— Ibid. 
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Monbain gum* 


- 


1.4206 


Infpiflated juice 


of licorice 


1.7228 




— Acacia 


*-5 l S3 




— Areca 


, „», _ 




'•4573 


Terra Japonica 


- 


1.3980 


Hepatic aloes 


- 


1.3586 


Socotrine aloes 


- 


J -3795 


Infpiflated juice 


of St. John's wort 


J -5^3 


Opium 


- 


1.3366 


Indigo 


•. 


.7690 


Arnotto 


• 


•595 6 


Yellow wax 


• • 


.9648 


White ditto 


- 


.9686 


Ouarouchi dittof 


.8970 


Cacao butter 


• • . 


.8916 


Spermaceti 


• • « • 


•9433 


Beef fat 


. 


.9232 


Veal fat 


• . * 


•9342 


Mutton fat 


* * t. 


•9235 


Tallow 


. 


.9419 


Hog's fat 


• 


.9368 


Lard 


• 


.9478 


Butter 


§ 7. Woods. 


.0423 


Heart of oak 60 


years old 


1. 1 700 


Cork 


. 


.2400 



* From a tree of this name.— Bomart. 
t The produce of the Tallow Tree of Guiana.— JHJ. 
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Elm trunk 


.6710 


Afh ditto 


.8450 


Beech 


.8520 


Alder 


.8000 


Maple 


•7550 


Walnut 


.6710 


Willow 


.5850 


Linden 


.6040 


Male fir 


.5500 


Female ditto, 


.4980 


Poplar 


-3%3° 


White Spanifh ditto, 


•5294 


Apple tree 


•793° 


Pear tree 


.6610 


Quince tree 
Medlar 


.7050 


9440 


Plumb tree 


.7850 


Olive wood 


.9270 


Cherry tree 


7150 


Filbert tree 


.6000 


French box 


.9120 


Dutch ditto - . i 


.3280 


Dutch yew 


.7880 


Spanifh ditto 


.8070 


Spanifh cyprefs 


.6440 


American cedar 


.5608 


Pomegranate tree - - i 


354o 


Spanifh mulberry tree 


.8970 


Lignumvitae i 


•333° 


Orange tree - „ 


.7050 



Nate.— The numbers in the above Table, if the Decimal point be carried 
three figures farther to the right hand, nearly exprefs the abfolutc weight of an 
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No. IX. 
ADDITIONAL. 



Rules for Calculating the Abfolute Gravity in Englilh 
Troy Weight of a cubic Foot and Inch Englifh mea- 
fure, of any fubftance whofe fpecific gravity is 
known.* 



In 1696, Mr. Everard, balance-maker to theExche* 
quer, weighed before the commiffioners of the Houfe 
of Commons 2145.6 cubical inches, by the Exchequer 
ftandard foot, of diftilled water, at the temperature of 
55° of Fahrenhait, and found it to weigh 1 131 oz. 14 
drs. Troy, of the Exchequer ftandard. The beam 
turned with 6 grs. when loaded with 30 pounds in each 
fcale. Hence, fuppofing the pound avoirdupois, to 
weigh 7000 grs. Troy, a cubic foot of water weighs 
62- pounds avoirdupois, or 1000 ounces avoirdupois, 
wanting 1 06 grains Troy. And hence, if the fpecific 
gravity of water be called 1000, the proportional fpeci- 
fic gravities of all other bodies will nearly exprefs the 
number of avoirdupois ounces in a cubic foot. Or 
more accurately, fuppofing the fpecific gravity of water 
expreffed by 1 , and of all other waters in proportional 

Englifli cube foot of each fubftance in avoirdupois ounces. See No. IX, of the 
Appendix. — T. 

* The whole of this and the following article was communicated to the 
Tranflator by Profeffor Robifon.— T. 



APPENDIX. 



*93 



numbers, as the cubic foot of water weighs, at the above 
temperature, exactly 437489.4 grains Troy, and the 
cubic inch of water 253.175 grains, the abfolute weight 
of a cubical foot or inch of any body in Troy grains 
may be found by multiplying their fpecific gravity by 
either of the above numbers refpe&ively. 

By Everard's experiment, and the proportions of 
the Englifh and French Foot, as eftablifhed by the 
Royal Society and French Academy of Sciences, the 
following numbers are afcertained. 

Paris grains in a Paris cube foot of water =6455 1 1 
Englifh grains in a Paris cube foot of 

water =529922 

Paris grains in an Englifh cube foot of 

water =533 2 47 

Englifh grains in an Englifh cube foot 

of water =437489.4 

Englifh grains in an Englifh cube inch 

of water ===2 53' 1 75 

By an experiment of Picard with the 

meafure and weight of the Chatalet, 

the Paris cube foot of water contains 

of Paris grains =641326 

By one of Du Hamel, made with great 

care =^ 4l ^yS 

ByHomberg =641666 

Thefe fhew fome uncertainty in meafure or in 
weights ; but the above computation from Everard's 
experiment may be relied on, becaufe the comparifon 
of the foot of England with that of France was made 

3 u 
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by the joint labour of the Royal Society of London 
and the French Academy of Sciences : It agrees like- 
wife very nearly with the weight affigned by Mr. La- 
voifier, 70 Paris pounds to the cubical foot of water. 

No. X. 

Tables for Converting Ounces, Drams, and Grains, 
Troy, into Decimals of the Troy Pound of 12 Oun- 
ces, and for Converting Decimals of the Pound 
Troy into Ounces, &c. 







I. For 


Grains. 




Grains = Pound. 




Grains *i 


= Pound. 


I 


.0001736 




IOO 


.0173611 


2 


.0003472 




200 


.0374222 


3 


.0005208 




3OO 


.0520833 


4 


.0006944 




4OO 


.0694444 


5 


.0008681 . 




500 


.0868055 


6 


.0010417 




60O 


.IO41666 


7 


.001 2 '53 




700 


.1215277 


8 


.0013889 




800 


.1388888 


9 


.0015625 




9OO 


.1562499 


10 


.0017361 
.0034722 




IOOO 


.I736UO 


20 


2000 


.3472220 


3° 


.0052083 




3OOO 


.520833O 


40 


.0069444 




4OOO 


.694444O 


50 


.0086806 




5OOO 


.8680550 


60 


.0104167 




600O 


I.O41 8660 


7° 
80 


.0121528 




70OO 


I.215277O 


.0138889 




80CO 


i.; s 88888o 


90 


.0156250 




9OOO 


1.5624990 
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II. For Drams. 

Drams = Pound. 

1 .OIO4167 

2 .O208333 

3 .O31250O 

4 .0416667 

5 .0520833 

6 .0625000 

7 .0729167 

8 -0833333 

III. For Ounces. 

Ounces = Pound. 

1 -0833333 

2 .1666667 

3 .2500000 

4 -3333333 

5 .4166667 

6 .5000000 

7 -5833333 

8 .6666667 

9 .7500000 

10 -8333333 ' 

11 .9166667 

12 1. 0000000 
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IV. Decimals of the Pound into Ounces, &c. 



Tenth parts. 



Thoufandths. 



Ilb.r= 


02 


;. dr, 


• gi'- 


lib.= 


grs. 


0.1 


1 


1 


36 


0.006 


34.56 


0.2 


2 


3 


12 


0.007 


40.32 


0.3 


3 


4 


48 


0.008 


46.08 


0.4 


4 


6 


24 


0.009 


51.84 


°-5 


6 








Ten Thoufandth parts, 


0.6 


7 


1 


36 


O.OOOI 


O.576 


0.7 


8 


3 


12 


0.0002 


1. 152 


0.8 


9 


4 


48 


0.0003 


I.728 


0.9 


10 


6 


24 


0.0004 


2.304 


Hwidredib p, 


arts 




0.0005 


2.880 


0.01 








57- 6 


0.0006 


3-456 


0.02 





1 


55-2 


0.0007 


4.032 


0.03 





2 


52.8 


0.0008 


4.608 


0.04 





3 


5°-4 


0.0009 


5.184 


0.05 





4 


48.0 


Hundred Thoufandth 


0.06 





5 


45.6 


parts. 




0.07 





6 


43-2 


O.OOOOI 


0.057 


0.08 





7 


40.8 


0.00002 


0.115 


0-09 





8 


38-4 


0.00003 


O.173 


Thoufandths. 




0.00004 


O.230 


O.OOI 








5-7 6 


0.00005 


0.288 


0.002 








11.52 


0.00006 


O.346 


0.003 








I7.28 


0.00007 


O.403 


0.004 








23.04 


0.00008 


O.461 


0.005 








28.80 


0.00009 


O.518 



AFPENDIX. 



97 



No.XI. 

Table of the Englifh Cubical Inches and Decimals 
correfponding to a determinate Troy weight of dif- 
tilled Water of the temperatnre of 55 , calculated 
from Everard's Experiment. 





.for Grains. 


Grs 


Cubical Inches, 


1 


= .OO39 


2 


.OO79 


3 


.OIl8 


4 


.0158 


5 


.OI97 


6 


.0237 


7 


.0276 


8 


.0316 


9 


-°355 


10 


•°395 


20 


.0790 


30 


.1185 


40 


.1580 


5° 


.1974 


For Drams. 


Drams. 


Cubical Inches. 


I 


= .2370 


2 


•4739 


3 


.7109 


4 


•9479 


5 


1.1849 


6 


1. 4219 


7 


1.6589 





.F<?r Ounces. 


Oz. 


Cubical Inches, 


I 


= I-8959 


2 


3-79I8 


3 


5-6877 


4 


7-5^37 


5 


9.4796 


6 


J1 -3755 


7 


73.2714 


8 


15. ,674 


9 


l 7- 633 


10 


18.9592 


11 


20.8551 




i*i?r Pounds. 


Libs. 


Cubical Inches. 


I : 


= 22.7510 


2 


45-5 { - 21 


3 


68.2531 


4 


9 .042 


5 


11 3-7 5 53 


6 


136.5063 


7 


159-2574 . 


8 


182.0084 


9 


2C 4-7595 


10 


227 5106 


5° 


1I *7-553° 


100 


2275.1 ,61 


tooo 


22751.0615 



I98 APPENDIX. 

No. XII. 

ADDITIONAL. 

Table of the Comparative Heats of different Bodies, 
as afcertained by Crawford. 

Hydrogen gas - - 21.4000 

Oxygen Gas - - 4*7490 

Atmofpheric air - - 1.7900 

Steam or aqueous vapour - 1*5500 

Carbonic acid gas - - J '0454 

Arterial blood - - 1.0300 

Water - - 1.0000 

Cow's milk - - .9999 

Venous blood - - .8928 

Azotic gas - - *793^ 

Hide of an ox with the hair - -7870 

Lungs of a fheep - - .7690 

Mufcular flefh of an ox - .7400 

Alcohol - - .6021 

Rice - .5060 

Horfe beans - - .5020 

Spermaceti oil - - .5000 

Fruit of the pine tree - - .5000 

Peas - - .4920 

Wheat - - '477° 

Barley - - .4210 

Oats - - .4160 
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Sulphuric acid 


.4290 


Pitcoal 


.2771 


Charcoal 


.2631 


Chalk 


.2564 


Ruft of iron 


.2500 


Wafhed diaphoretic Antimony 


.2272 


Oxyd of copper nearly freed from air 


.2272 


Quicklime 


.2229 


Cinders 


.1923 


Afhes of pitcoal 


.1855 


Ruft: of iron nearly freed from air 


.1666 


Wafhed diaphoretic Antimony do. 


.1666 


Ames of elm wood 


.1402 


Oxyd of Zinc nearly freed from air 


.1369 


Iron 


.1269 


Brafs 


.1123 


Copper - 


.1111 


White oxyd of tin almoft free of air 


.0990 


Zinc - - 


•°943 


Afhes of charcoal 


.0909 


Tin - 


.0704 


Yellow oxyd of lead almoft free of air 


.0680 


Antimony 


0645 


Lead - * 


o.35 2 
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No. XIII. 



ADDITIONAL. 



Table of the Ingredients in Neutral Salts, as deter- 
mined by Kirwan. 



Sulphuric potafh 
Sulphuric foda 
Sulphuric ammoniac 
Nitric potafh 
Nitric foda 
Nitric ammoniac 
Muriatic potafh 
Muriatic foda 
Muriatic ammoniac 
Boracic foda 



Acid 

3 1 
*4 

42 

3° 
29 

46 

3° 
33 
5 2 

34 



Sulphuric magnefia 
Sulphuric argil 
Nitric calx 
Nitric magnefia 
Carbonic ftrontites 



Earthy Salts. 

Acid 

24 
24 

33 
36 

30 



Alk. 

63 

22 
40 

63 

50 
40 

63 

50 
40 

l 7 



Earth 

18 

3 2 
27 

61 



Water 

6 

64 
18 

7 

2£ 
14 

7 

'7 

8 

47 



Water 

57 

5* 

•35 

37 

9 
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Metallic Salts. 








Acid 


Metal 


Water 


Sulphuric iron 


20 


2 5 


55 


Do. Copper 


3° 


27 


43 


Do. Zinc 


22 


20 


58 



Np. XIV. 



New Syftem of Chemical Characters, adapted to the 
New Nomenclature, by Meflrs. Haflenfratz and 
Adet ; with fome Alterations by the Tranflator*. 



The utility of chemical characters for many purpofes 
has been long and univerfally acknowledged. Till 
of late they were perfectly arbitrary ; and, from that 
circumftance, even in the narrow limits of chemiflry 
a few years ago, were difficultly retained in the memo- 
ry. In the prefent highly advanced and improving 
ftate of the fcience, when an immenfe number of che- 
mical fubftances have been added, and are daily dis- 
covering, the number of characters, necefTary for the 
purpofes of the chemift, has become fo large that it is 
hardly poflible to remember them accurately, if conti- 
nued on their former plan, Fully convinced of this, 
MefTrs. Haflenfratz and Adet of Paris have, with great 
judgment and ingenuity, contrived a fet of characters, 



* Firft added in this fifth Edition.— T. 
1 W 
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which are extremely diflinct and fimple, and require 
only to be feen once to be fully underflood, and per- 
fectly remembered. 

I have thought that it might be of confiderable ufe 
to add thefe characters to the tranflation of Mr. Lavoi- 
fier's Elements ; and, though I acknowledge the ex- 
cellence of the fymbols invented by thefe gentlemen, I 
have taken the liberty to make fome very flight alter- 
ations, by which they are rendered ftill more fimple 
and of eafier application. 

Meffrs. Haffenfratz and Adet, befides the general 
character for the metals in their fimple ftate, in which 
they are combuflible bodies capable of oxydation and 
of oxygenation, have added different characters for 
azot, hydrogen, carbon, fulphur, and phofphorus, 
which in their fimple ftate are likewife combuflible 
bodies, fufceptible of being oxy dated and oxygenated. 
From that ftriking coincidence, I have rejected the pe- 
culiar characters of thefe latter fubflances, and ranked 
the whole known combuflible, oxydable, and acidifiable 
fimple fubflances under one general character. 

The only other difference, which indeed arifes out of 
the one jult mentioned, between the fymbols of Meffrs. 
Haffenfratz and Adet, and thofe here given, is in the 
compound characters, which indicate the different 
flates of aggregation, and various degrees of oxydation 
of the above five fimple combuflible fubflances. 

In table XIV are engraved the whole characters 
that are neceffary in the prefent ftate of chemiflry. 
As chemiflry advances towards perfection, thefe, inflead 
of needing to be increafed in number, may probably 
be flill farther retrenched. The general character for 
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unknown or little known and compound acidifiable 
bafes (5) will become unneceffary when thefe are af- 
certained. The figure at prefent ufed for reprefenting 
non-acidifiable compound fubftances, or rather fuch 
fubftances when confidered independently of oxyda- 
tion or acidification, will likewife become ufelefs when 
the nature and compofition of thefe bodies are fully 
underftood. One of the alkalies is already known to 
be a compound confiding of known fimple elements, 
and the other two are flrongly fufpected, upon very 
good analogical grounds, of being likewife compound 
bodies ; hence the character employed for them will 
foon become unneceffary. Of the five known earths, 
three have lately been detected as metallic oxyds, a 
fourth is fufpected to be only a modification of the 
fifth, and that too there are fome reafons for believing 
to be allied to the acidifiable bafes : When thefe dis- 
coveries and conjectures are verified by farther expe- 
riment, this character will fall likewife to be expunged. 
Thus, in beautiful conformity with the fimplicity of 
fcience, which increafes in proportion to the advance- 
ment of our knowledge, the more we know of chemif- 
try the fewer characters will be needed for exprefiing 
all its known fubftances. 



Explanation of the Characters. 

No. I. Fig. 1. The character for light, but which, 
in the prefent ftate of chemiftry, cannot be properly 
employed, as we are ignorant of the connection or dif- 
ference between light and caloric. 
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Fig. 2. The fymbol of caloric, which in this new 
fet of fymbols is of fingular ufe for expreffing the dif- 
ferent dates of the aggregation of bodies. 

Fig. 3. The fymbol for oxygen, which, by a very 
fimple contrivance, is made to indicate the various 
degrees of oxydation and acidification of all the bo- 
dies which are fufceptible of combination with oxygen. 

Fig. 4. The general character for all combuflible, 
oxydable and acidifiable fubftances, confidered as fim- 
ple chemical elements. 

Fig. 5. The general fymbol for all compound and 
unknown, or but little known oxydable and acidifiable 
bafes. 

Fig. 6, reprefents all the non-acidifiable compound 
fubftances, or rather thefe confidered without any re- 
lation to oxygenation. 

Fig. 7, reprefents the alkalies merely confidered as 
fuch. 

Fig. 8, The fymbol for the -earths confidered as ele- 
mentary bodies, capable of entering into chemical 
combinati ;ns ; as if fimple, without their conftituent 
elements being decompounded. 

Thefe laft five fymbols reprefent the whole known 
chemical fubftanrr ., by proper diftinctive marks, to be 
afterwards mentioned, except caloric and oxygen : In 
their fimple ftate, as at No. I, they muft all be confider- 
ed as indicating the folid ftate of the bodies they are 
meant to reprefent. 

No. II, points out the method of employing the fym- 
bol of caloric in conjunction with the characters of the 
other fubftances for indicating the various ftates of 
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aggregation in thefe bodies. When the characters 
ftand fimple, the bodies mufl univerfally be underftood 
as folid ; the liquid (late, when produced by caloric 
or the fufion of the bodies by caloric, not folution by 
water, and the ftate of gas or vapour, are marked as 
under. 

Fig. 1. A known fimple acidifiable fubflance in the 

liquid or fufed ftate. 
Fig. 2. The fame fubflance in the ftate of gas. 
Fig. 3. A compound or unknown acidifiable bafe in 

the ftate of fufion or of liquefaction. 
Fig. 4. The fame in the vaporous ftate. 
Fig. 5. A compound non-oxygenable fubflance in its 

liquid ftate. 
Fig. 6. The fame fubflance converted into gas. 
Fig. 7. An alkali in the liquid ftate. 
Fig. 8. An alkali in the ftate of vapour. 
Fig. 9. An earth in fufion. 
Fig. 10. The fame raifed in form of gas. 

No. Ill, contains the application of the fymbol of 
oxygen, for indicating the various degrees of oxyda- 
tion and oxygenation of the fubftances capable of unit- 
ing with oxygen, and the changes in the ftates of ag- 
gregation produced on the refulting compounds by ca- 
loric. As before, they muft be confidered as folid, 
when the/ymbol of caloric is not united with them. 

Fig. 1. A known fimple bafe in the ftate of oxyd. 
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Fig. 2. The fame bafe in the firft or lower ftate of oxy- 
genation, when the term for the acid ends in 
ofum or ous. 

Fig. 3. The fame bafe faturated with oxygen, in which 
ftate the name of the acid ends in icum, or 
ic. 

Fig. 4. The fame bafe fuperfaturated with oxygen, 
when the acid is named fuperoxygenated. 

Figs. 5, 6, 7 and 8, reprefent the above four degrees 
of oxydation and oxygenation in the liquid 
ftate. 

Figs. 9, 10, 11 and 12, fhew the fame four degrees, as 
raifed to the ftate of gas. 

Figs. 13, 14, 15 and 16, are the fymbols of the com- 
pound or unknown bafes in the fame four 
degrees of oxydation or oxygenation. It 
was thought unneceffary to add the fymbols 
of thefe in the liquid and gafeous ftates, as 
they are exactly analogous with the others. 

No. IV, contains the fymbols of all the unknown 
combuftible, oxydable and acidifiable fimple fubftances, 
as folid, and neither ©xydated nor acidified. From 
what has been already faid, it muft be perfectly obvious 
in what manner the fymbols of caloric and of oxygen 
are to be combined, to point out thefe fubftances in 
their liquid and vaporous ftates, and in their different 
degrees of oxygenation. The fymbol is the fame in 
all, and the fpecific differences are indicated by the 
initial letters of their latin names, included within the 
character. Thus ; 
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Fig. i. 


A. 


Azotum, 


Azote. 


2. 


C. 


Carbonum, 


Carbon. 


3- 


H. 


Hydrogenium, 


Hydrogen. 


4- 


S. 


Sulphurum, 


Sulphur. 


5- 


P. 


Phofphorum, 

Metals. 


Phofphorus. 


Fig. 6. 


0. 


Platinum, 


Platina. 


7- 


. 


Aurum, 


Gold. , 


8. 


Ar. 


Argentum 


Silver. 


9- 


Me. 


Mercurium, 


Mercury. 


10. 


St. 


Stanum, 


Tin. 


1 1. 


Cu. 


Cuprum, 


Copper. 


12. 


PL 


Plumbum, 


Lead. 


I 3- 


F. 


Ferrum, 


Iron. 


14. 


Z. 


Zincum, 


Zinc. 


*5' 


Ma. 


Manganum, 


Manganefe. 


16. 


N. 


Niccolum, 


Nickel. 


»7- 


An. 


Antimonium, 


Antimony. 


18. 


Co. 


Cobaltum, 


Cobalt. 


19. 


Ars. 


Arfenicum, 


Arfenic. 


20. 


Mo. 


Molybdum, 


Molybdum. 


21. 


T. 


Tunjienum, 

Newly difcovered Metal: 


Tunftein. 


22. 


Ca. 


Calcum, 


Metal of lime, 


2 3- 


Ba. 


Barytum, 


of barytes, 


24. 


Mg. 


Magnejium 


of magnefia 



Thefe fymbols indicate the fimple and folid ftates 
of the fubftances they are ufed for exprefling ; the 
liquid and gafeous ftates of each, and their various 
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degrees of oxydation and oxygenation, are exprefled 
by means of the fymbols of caloric and oxygen in the 
manner exemplified at No. II, and No. III. 

No. V gives examples of compound fymbols, for 
expreffing the combinations which the above fubflances 
are capable of forming with each other, and with ca- 
loric or oxygen, or both. 

Fig. i. Azotic gas. 

2. Azotic oxyd gas, or nitrous gas. 

3. Solid nitrous, or azotous acid. 

4. Solid nitric, or azotic acid. 

5. Carbonic acid gas 

6. or 7, Oxyd of hydrogen, or water in the folicl 

ftate of aggregation, or ice. 

8. Water, or ice, fufed by caloric. 

9. Steam, or ice raifed into vapour. 

10. Solid azuret of carbon, or carburated azot. 

An unknown combination. 

11. Carbonated azotic gas. 

12. Carburet of hydrogen, or hydruet of carbon. 

Unknown, except as the bafe of fome acids. 

13. Carbonated hydrogen gas. 

14. Carburet of iron. 

15. Sulphuret of mercury. 

16. Phofphuret of iron. 

17. Amalgam of mercury and gold. 

18. Alloy of copper and tin. 

19. Alloy of lead and tin. 

20. Alloy of copper and zinc. 
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In the above inftances, the combined fubflances 
are fuppofed to be in equal quantities, or at lead mu- 
tually faturated with each other ; but the proportions 
of the ingredients to each other may, in a certain de- 
gree, be denoted by the relative arrangement of the 
fymbols of thefe ingredients : When thefe are on the 
fame horizontal line, as in the examples given at No. 
V, the ingredients, as has been already faid, are to 
be confidered as in equal quantities, or mutually fatu- 
rated ; but when one fymbol is placed over the other, 
the ingredient indicated by the lower mud be confid- 
ered as exceeding the other ingredient of the com- 
pound in quantity, or as not being fully faturated. 
Some examples of this are given in No. VI. 

Fig. 1. Alloy of gold and copper, the gold being in 
larger quantity. 

2. Silver alloyed with a fmaller quantity of cop- 

per. 

3. Alloy of filver with a fmaller quantity of gold. 

4. Alloy of gold with a fmaller quantity of pla- 

tina. 

5. Alloy of tin, copper and lead in equal quan^ 

tities. 

6. Alloy of filver, gold and copper, the filver jn 

largeft proportion, the gold fmaller, the cop- 
per leaft of all. 

7. Alloy of tin and lead in equal quantities, with 

a fmaller proportion of zinc. 

8. Copper and zinc, in equal quantities, alloyed 

with fmaller equal quantities of tin and lead- 
3 x 
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Fig. 9. Carburet of iron, in which the carbon is in 
larger quantity. Plumbago. 

10. Carburet of iron, in which the carbon is in 

fmaller quantity. Steel. 

11. Equal quantities of zinc and tin, alloyed with 

a larger portion of lead. 

1 2. Equal quantities of zinc and copper, with a 

larger proportion of lead, and a fmaller of 
•tin, alloyed together. 

In No. VII, the general character ufed for denoting 
the unknown or compound, or but little known, oxy- 
dable and acidifiable bafes, is employed with proper 
diftin&ive central marks for expreffing each of thefe 
bafes in particular. So many examples of the ufe of 
caloric and oxygen for indicating the ftates of aggre- 
gation, and degrees of faturation with oxygen, have 
been already given, that it is unneceflary to repeat 
them with thefe. 

Fig. 1 . M. Muria. The unknown radical or bafe 

of muriatic acid. 
2. AM. Azo-muria. The compound bafe of 

the Nitro-muriatic or Azo-muriatic 

acid. 
Bafe of acetic and acetous acids. 

oxalic acid. 

tartaric acid. 

pyro-tartarous acid. 

citric acid. 

malic acid. 

— pyro-lignous acid. 



3- 


A. 


4- 


O. 


5- 


T. 


6. 


PT. 


7- 


Ci. 


8. 


Ma. 


9- 


PL. 
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Fig. 10. PM. pyro-mucous acid. 

ii. G gallic acid. 

12. P. pruffic acid. 

13. Be. benzoic acid. 

14. Su. fuccinic acid. 

15. Ca. camphoric acid. 

16. La. lactic acid. 

17. S L. ■ — faccho-la&ic acid. 

18. Bom. bombic acid. 

19. Fo. formic acid. 

20. Se. febacic acid. 

2 1 . Bor. boracic acid. 

22. Fl. fluoric acid. 

23. Li. lithic acid. 

The fymbols for expreffing the particular alkalies 
and earths, confidered merely as fuch, are contained 
at No. VIII. They muft be underftood as pure, and 
free from any combination whatever. 

Fig. 1. Lixo or potaffa. Potafh. 

2. Trona or foda. 

3. Ammona or ammoniac. 

4. Ditto, confidered as relative to its ingredients 

forming hydruret of azot, or azuret of hy- 
drogen. 

5. The fame in its vaporous ftate. 

6. Baryta. 

7. Calca, or lime. 

8. Magnefia. 

9. Arga, alumine or argil, 
10. Silica or filex. 
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In No. IX, are contained the fymbols for denoting 
the falts, compofed of acids united with alkaline, earthy, 
or metallic bafes. Thefe may be confidered under 
three feparate heads ; fuch as have the acid and alkali 
exactly faturated, in which cafe the fymbols of the in- 
gredients are ranged on the fame horizontal line ; 
fuch as have one of the ingredients in excefs, the 
fymbol of which is placed below the other, and 
fuch as confift of more than two ingredients. When 
the fait is fuppofed to be in a liquid (late from caloric 
or what is called in fufion, the fymbol of caloric is 
added upwards ; when in the vaporous Hate, the fame 
character is made to point downwards ; and when dif- 
folved in any particular liquid, as water, the fymbol 
of the liquid is placed in the fame horizontal line, 
when a faturated folution, and below the line if the 
folvent be in excefs. Cryftallization, or at leaft folidity 
with water of cryftallization united, may be expreffed 
by the character of ice placed above the compound 
fymbol expreffing the fait. All thefe circumftances 
are fo very fimple, and eafily underftood, that a very 
fmall number of examples in each cafe may fuffice. 

Fig. i. Carbonic lixa, or carbonat of potafh, folid. 

2. Sulphurous trona, or fulphat of foda, fufed. 

3. Ammoniacal muriat, or muriatic ammona, in 

the vaporous ftate. 

4. Azotic or nitric lixa, or nitrat of potafh, dif- 

folved to faturation in water. 

5. Phofphat of foda, or phofphoric trona, in a 

folid ftate with water of cryftallization. 

6. Muriatic mercury, or mercurial muriat, dif- 

folved in excefs of water. 
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Fig. 7. Fluoric calca, or calcareous fluor, folid. 

8. Pyro-mucous baryta, or barytic pyro-mucite. 

9. Azotous or nitrous magnefia, or magnefian 

nitrite. 

10. Acidulous fulphat of alumine, or acidulous 

fulphuric arga. 

11. Acidulous fulphuric lixa. 

1 2. Alkaline fulphuric trona. 

13. Antimoniated tartarous lixa. 

1 4. Amoniated muriatic copper. 

1 5. Phofphoric trona and ammona, or fufible fait 

of urine. 

1 6. Muriatic mercury and ammona, or fait of wif- 

dom. 

In No X, are given a few examples of the combina- 
tions of the alkalies and earths with fome of the other 
bodies confidered as fimple. 

Fig. 1 . Sulphuret of lixa, or fulphurated lixa. 

2. Sulphuret of calca, or fulphurated lime, or 

calcareous fulphuret. 

3. Lixated filica in equal quantities. 

4. Tronated filica, or glafs; or fuper-filicated 

trona. 

5. Super-tronated filica, or foluble glafs. 

Such of the non-acidifiable compound fubftances 
as are thought neceffary to be diftinguifhed by parti- 
cular names, for chemical purpofes, have their parti- 
cular fymbols reprefented at No. XI. 
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Fig. i. Ether. 

2. Alcohol. 

3. Fixed vegetable oil. 

4. Volatile oil, produced by diftillation. 

5. Bitumen. 

6. Mucus. 

7. Starch. 

8. Wax, cerum. 

9. Aromatic oil. 
10. Tannin. 

Such other fymbols as may be required for fimilar 
fubftances, may be readily formed on this model. 

In No. XII, fome examples of the combinations of 
the laft fubftances, with a few of thofe formerly men- 
tioned, are given. 

Fig. 1 . Soap of lixa, or lixivial foap ; folid. 

2. Sulphurated volatile oil, or balfam of fulphur ; 

liquid. 

3. Calcareous foap ; folid. 

4. Emplafter, or wax and oil in equal quantities j 

"folid. 

5. Proof fpirit, or alcohol and water, in equal 

quantities. 

6. Weak fpirit, or alcohol mixed with a larger 

proportion of water. 

7. Lead plafter, or fixed oil; united to an equal 

quantity of oxyd of lead ; folid. 
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Fig. 8. Drying oil, or fixed oil united with a fmaller 
portion of oxyd of lead ; liquid. 
9. Ammoniacal foap : the oil in larger propor- 
tions; liquid. 
10. Unguent, or wax mixed with a larger quan- 
tity of oil. 
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§ i. Of Columbium, a new Metal. 



THE mineral fubftanee from which this new metal 
has been procured, feems to have long lain neglected ; 
as it is faid to have been fent to Sir Hans Sloane from 
Mafiachufetts in America. From the place of its ori- 
gin, its difcoverer, Mr. Hatchet, has very properly 
given it the name here adopted. 

This American mineral was confidered formerly as 
a refractory ore of iron, but is now proved to be a 
metallic fait, confiding of oxyd of iron combined with 
a peculiar acid. It is of a dark grey colour, with fome 
refemblance to chromat of lead, and has confiderable 
gravity. It is hardly foluble in any of the acids; 
except that fulphuric acid diflblves a fmall portion of 
the oxyd of iron, which enters into its compofition. 

* Since the firft volume of this edition was printed off, the translator has 
had accefs to the knowledge of feveral new chemical difcoverie9, which are 
here detailed, and for which he is chiefly indebted to Thomfon's Syltem «f 
Chemiftry.— T 
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By alternately fufing this mineral with carbonat of 
potafh, lixiviating this with water, and digefting the 
remainder in muriatic acid, and repeating thefe pro- 
ceffes in fucceffion, it is at laft completely diffolved 
and decompofed. In this decompofition, the peculiar 
acid unites with the potafh from which it expels the 
carbonic acid ; and the new neutral fait, with bafe of 
potafh, is diflblved in the water. The muriatic acid 
diffolves the oxyd of -iron. 

The neutral fait is decompofed by nitric acid, which 
precipitates the peculiar acid in form of white flakes. 
This acid unites, both in the dry and humid way, with 
potafh and foda, from which it expels carbonic acid ; 
and with potalh it forms a glittering fcaly fait, refem- 
bling boracic acid. It does not unite with ammonia. 
Thefe neutral falts are decompofed by mofl of the 
other acids ; and the precipitated acid is re-diffolved 
by means of heat, if the precipitating acid is in excefs, 
except by nitric acid. It is likewife rediffolved by ex- 
cefs of alkali, when precipitated from its folution in 
acids, by potafh or foda. 

The white flakey precipitate, mentioned above, or 
the peculiar acid now under confideration, is infoluble 
in nitric acid, even with the affiftance of .heat, but rea- 
dily diffolves in fulphuric and muriatic acids ; and is 
precipitated from either of thefe folutions, in its white 
flakey form, by potafh. From the folution of the 
neutral falts of this acid, when affifted by the prefence 
of an acid, pruffiat of potafh gives an olive green pre- 
cipitate, and tincture of galls a precipitate of a deep 
orange colour. From thefe circumflances, its metallic 
.nature is inferred, as it does not appear to have been 



ADDENDA. 



219 



hitherto reduced to the metallic form. Mr. Hatchet, 
therefore, has chofen to call this new acid the Colum- 
bic Acid ; and the metal, which he fuppofes to form 
its radical, he calls Columbium. The mineral fub- 
ftance from which it is procured, is therefore a colum- 
bat of iron ; and, by his experiments, is compofed of 
75 parts in the 100 of columbic acid, and 25 parts ©f 
oxyd of iron. 

When the folution of columbic acid by fulphuric 
acid is diluted with water, the columbic acid precipi- 
tates of a white colour : This, on drying, changes firft 
to blue, and afterwards to grey. It is likewife preci- 
pitated of a white colour, from its folution in fulphuric 
acid by zinc. The acid folutions of columbic acid, 
and the folutions of its neutral falts, are colourlefs. 

By hydro-fulphuret of ammonia, a chocolate colour- 
ed precipitate is thrown down, from columbat of pot- 
am or foda. With phofphat of ammonia, columbic 
acid, melts into a purplifh blue glafs. It does not com- 
bine with fulphur. 
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§ 2. Of Gafeous Oxyd of Carbon* 

This gas was firfl; formed in the experiments of Dr. 
Prieftley; but remained long confounded with car- 
bonated hydrogen gas, under the denomination of 

* This gas might very properly be termed Oxy-carbonic Gas.— T 
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heavy inflammable air, until examined by Mr. Cruick- 
fliank, and afterwards by Berthollet, Fourcroy, and 
other French chemifts. 

Carbonic oxyd gas is procured by a variety of pro- 
cefies. By expofing moiftened charcoal, or mixtures- 
of charcoal and metallic oxyds, or charcoal and earthy 
carbonats, to a red heat in iron-tubes or earthen retorts, 
and receiving the gas in a pneumato-chemical appara- 
tus ; or by pafling carbonic acid gas repeatedly 
through red hot charcoal. In thefe procefles, the 
gafeous product mould be made to pafs through a very 
thin parte of quick-lime and water, on purpofe to ab- 
forb the carbonic acid, which comes over along with 
the carbonic oxyd gas. 

This gas is permanently elaftic. When breathed, 
it produces giddinefs and fainting : It inflantly kills 
animals, and does not fupport combuftion. Mixed 
with atmofpheric air, or oxygen gas, it burns with a 
lambent blue flame, and the product is carbonic acid. 
It is not altered by light, heat or electricity, or by paf- 
fing through a red hot tube, even along with ammonia. 
It is not acted on by azot or fulphur, even with the 
afliftance of heat. It is not changed by the alkalies. 
Itsfpecific gravity is .001 167, being lighter than atmof- 
pheric air, in the proportion of 22 to 23. 

Phofphorus is diflblved in this gas, and the folution 
burns with a yellow flame. It likewife diffolves a 
fmall portion of charcoal, and thereby increafes fome- 
what in volume : Indeed it would appear that carbon is 
fufceptible of feveral degrees of oxydation, in the per- 
manent ftate of gas j or, in other words, that the pro- 
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portions of oxygen and carbon, in the carbonic oxyd 
gas, is fubject to variety. 

When equal meafures of carbonic oxyd gas and hy- 
drogen gas are made to pafs through a red-hot glafs 
tube, the oxyd is decompofed ; the charcoal is depofit- 
ed like a fine black enamel on the inner furface of the 
tube, water is formed, and an excefs of hydrogen gas 
efcapes. If, in this experiment, a fmall piece of iron 
be placed in the tube, it becomes oxydated. 

According to the experiments of Mr. Cruickfhank, 
100 parts of carbonic oxyd gas confift of 26 parts of 
carbon, united to 74 parts of oxygen ; though it ap- 
pears, from what has been faid above, not to be regular 
and permanent in the proportions of its elements. By 
the fame experiments, and thofe of the French che- 
mifts, it appears that charcoal, formerly by Lavoifier 
confidered as pure carbon, with a minute portion of 
allies, confifls of 64.3 parts of pure carbon, with 35.7 
of oxygen ; and is, therefore, a folid oxyd of carbon. 
Carbonic acid, according to thefe lateft experiments, 
confifts of 1 8 parts of carbon, and 82 parts of oxygen: 
Or, as in the following Table : 

Carbon. Oxygen. 
Charcoal, or folid carbonic ? , 

oxyd 5 = IO ° + SS-S 

Gafeous oxyd of carbon =100 + 307.7 

Carbonic acid gas =100 + 455.5 • 
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§ 3. OfGafeous Oxyd of Azot. * 

Azot, like carbon, is fufceptible of combining with 
two different portions of oxygen, in the ftate of oxyd. 
Both of thefe have been long known, from the dif- 
coveries of Dr. Prieflley, by the names of Nitrous gas, 
and Dephlogifticated nitrous gas ; but the latter, of 
which we mean to give fome account in this place, has 
only very lately been accurately examined by Mr. 
Davy. 

Gafeous oxyd of azot is procured byexpofing cryftals 
of nitrat of ammonia, in a retort, to a heat not lefs than 
340 nor above 5 jo° of Fahrenheit. The nitrat foon 
melts, and is decompofed, giving out oxyd of azot. 
which is to be collected in a pneumato-chemical appa- 
ratus. It is permanently elaftic, but heavier than at- 
mofpheric air, in the proportion nearly of 5 to 3, having 
the fpecific gravity of J00197. It fupports combuflion 
better than common air, even almoft as well as oxygen 
gas ; but combuftibles muft previoufly be ignited to 
make them burn in this gas. Animals live in it for 
fome time, apparently without uneafinefs j they foon, 
however, mew figns of reftleflhefs, and die if not re- 
moved in a few minutes. 

* Oxy-azotic Gai, would be a very regular term for this new gas.~T. 
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Azotic oxyd gas is readily abforbed by water in 
confiderable quantity, efpecially when affifted by agi- 
tation, and the water acquires a fweetifh tafte. During 
the abforption of this gas, the atmoipheric air ufually 
contained in the water is expelled. The whole of the 
azotic oxyd gas is expelled from water, altogether un- 
changed, by means of boiling. It is not altered by at- 
mofpheric air, or oxygen gas ; nor by light. Neither 
is it changed by any heat below ignition ; but when 
made to pafs through a red hot tube, or when electric 
fparks are taken in this gas, the arrangement of its 
elements is altered, and it is changed into nitric acid, 
oxygen gas, and azotic gas. 

Combuftible fubflances are unchanged by expofure 
to this gas in the ufual temperature ; but all of them 
that have been tried decompofe it by combuftion. If 
fulphur that is burning with a white flame, be plunged 
into azotic oxyd gas, it continues to burn with a bril- 
liant red flame, till half of the oxyd is decompofed ; 
the produces are fulphuric acid and azot. Phofphorus 
may be melted and fublimed in this gas without 
change, and will not even burn when touched by a red- 
hot wire. But if touched with a wire heated to white- 
nefs, it inftantly takes fire, and explodes with violence ; 
the produces are phofphoric acid, nitric acid, and 
azot. Charcoal may be kindled in this oxyd by 
a burning-glafs, and burns with great brilliancy till 
half of the gas is decompofed ; the products are car- 
bonic acid and azot. Hydrogen gas, and fulphu- 
rated, phofphorated, and carbonated hydrogen gas, 
mixed with azotic oxyd gas, explode violently, ei- 
ther by means of the electric fpark, or by a ftrong 
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red heat. Iron-wire burns as readily in it as in oxy- 
gen gas. Zinc likewife burns in it. It is unneceflary to 
particularize all the produces of thefe combuftions. 

Azotic oxyd gas, at the moment of its formation 
may be made to combine with the alkalies, forming 
falts of a peculiar nature, which have not hitherto been 
very attentively examined. Thefe are certainly not 
neutral falts, there being no acid prefent ; and we have 
nothing yet quite analogous to them in chemiflry, 
though they may be faid to approach the nature of ful- 
phurets, phofphurets, and carburets. Mr. Davy pro- 
pofes to give them the name of nitroxis, and Dr. Thom- 
fon prefers the term of Azotites. They might be de- 
nominated Oxy-azurets. 

By the experiments of Mr. Davy, it appears that i oo 
parts of gafeous oxyd of azot contain 6$ parts of azot 
and 2,7 parts of oxygen ; while nitrous gas contains 
only 45 parts of azot in the 100, united to $$ parts of 
oxygen. 

The moft extraordinary properties of gafeous oxyd 
of azot, are its effects on mankind when refpired. It 
may be breathed for near four minutes without dan- 
ger ; but after that it puts a flop to all voluntary mo- 
tions. Mr. Davy thus defcribes its effects on himfelf. 

" Having clofed my noftrils, and exhaufted my 
" lungs, I breathed four quarts of nitrous oxyd from 
" and into a filk bag. The firft feeling was giddinefs j 
" but in lefs than half a minute, that diminifhed gradu- 
" ally, and was fucceeded by a fenfation analagous to 
" gentle preffure on all the mufcles, attended by a 
" highly pleafurable thrilling, particularly in the cheft 
" and extremities. The objetts around me became 
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*' dazzling, and my hearing more accute. Towards 
" the laft infpirations, the thrilling increafed, the fenle 
" of mufcular power became greater, and at laft an irre- 
" fiftible propenfity to action was indulged in. I re- 
" collect but indiftinctly what followed. I know that 
" my motions were various and violent. Thefe effects 
"'very foon ceafed after refpiration of the gas was 
" difcontinued. In ten minutes I had recovered my 
" natural date of mind. The thrilling in the extremi- 
" ties continued longer than the other fenfations." 

This gas has been breathed by many other perfons : 
On mod, fimilar effects to thofe described by Mr. Davy, 
were produced ; though fome give an account highly 
poetical of the pleafurable fenfations. A few people 
were not fenfible of any particular effects ; and on 
others, the effects produced were uniformly painful 
and unpleafant. Upon the whole, the effects produced 
by breathing this gas are fimilar to intoxication ; but 
t-hey do not laft, and leave no languor nor debility. 

k/t> cs^ <^n <jt~> <ut> 



§ 4. Of Lactic Acid. 

This acid, or acidulous fubftance, has been detected 
by Dr. Pearfon, in a kind of wax or lac, produced in 
India by an infect of the tribe coccus, firft noticed by 
Dr. Anderfon of Madras. This waxy fubftance, which 
Dr. Anderfon calls white lac, when melting, gives out 
a reddi/h watery liquid, fmelling like new-baked bread. 

3 z 
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and of a flightly faltifh tafle, with fome bitternefs. 
This faline water is the laccic acid of Dr. Pearfon. 

Laccic acid gives a red colour to paper which is 
ftained with turnfole. Its fpeciflc gravity is .025. 
By evaporation, it depofits a fmall quantity of 
needle-like cryftals. It may be diftilled without 
alteration. It diflblves carbonat of lime, or of foda, 
with effervefcence. Three grains of carbonat of 
foda is fufficient to neutralize five hundred grains of 
the laccic acid liquor : The faturated folution, after 
filtration and evaporation, affords deliquefcent cryftals. 

From laccic acid liquor, lime-water occafions a 
light purple turbid appearance ; fulphuret of lime, a 
white precipitate ; tincture of galls, a green precipi- 
tate ; fulphat of iron, gives a purplifh colour, but no 
precipitate ; acetite of lead, a reddifh precipitate ; 
nitrat of mercury, a whitifh cloudinefs ; oxalic acid, 
throws down white needle-like cryftals, probably from 
the liquid containing fome lime; tartarite of potafh 
gives a precipitate, fimilar to that produced on adding 
'tartarous acid to tartarite of potafh. 
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ACETIC ACID, differs from acetous in having its 
base more highly saturated with 
oxygen, 

its preparation and combinations, 

Acetous acid, its composition and combinations, 

its composition not exactly ascertained, 

Acid, azotic, another name for nitric acid, 

carbonic, produced from burning charcoal, 

muriatic, or of sea salt, ... 

muriatous, a rejected term, 

nitric, or acid of nitre, . - 

nitrous, or fuming spirit of nitre, - * 

oxygenated muriatic, otherwise called oxy- 

muriatic, or murioxic acid, - - I. 98 
phosphoric, produced by burning phosphorus 

in oxygen gas, - - - I. 92 

. sulphuric,produced by combinations of oxygen 

with sulphur during rapid combustion, - I. 93 

■ " ■ sulphurous, produced by burning sulphur 

slowly in common air, I. &. 



I. 


329 


I 


328 


I. 


325 


I. 


196 


I. 


99 


I. 


95 


I. 


96 


I. 


98 


I. 


10Q 


I. 


99 



-228 



INDEX. 



Add, super-oxygenated' muriatic, sec oxygenated 

muriatic, - - - - I. 98 

Acids consist universally of a base or radical com- 
bined with oxygen, 

formation of, - - - • 

■ list of all those hitherto known, derivable 

from animal substances, 

list of, from vegetable bodies, , - 

nomenclature of, ... 

observations on those having compound bases, 

-table of all that are hitherto known, 

theory of their nature and formation first per- 
fected by Mr. Lavoisier, and published in 
1776, - 
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Aeriform fluids, formation and decomposition of, 

Agustinc, a newly discovered earth, account of, 

Air, in the new chemical nomenclature, is appro- 
priated exclusively to the common air of the 
atmosphere, .... 

common, its nature and composition, 

dephlogisticated, or oxygen gas, 

empyreal, or oxygen gas, 

fixed or fixiblc, the old terms for carbonic 

acid gas, - 

highly respirable, the same with oxygen gas, 

non-respirable,ornoxious,or phlogisticated,old 

terms for what is now called azotic gas, I. 77 

respirable, or vital, or fire, old terms for oxy- 
gen gas, - 

Albumen, animal, its nature and composition 

vegetable, its analysis, 

Alcohol, aeriform permanently at a moderate tem- 
perature, ... 

i — composition of, 

Alkalies, the nomenclature of by Dr. Black, prefer- 
red to that of the French chemists, 

Alloys, or combinations of metals with each other, 
an account of 
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Amber, doubtful from which kingdom of nature it 

derives its origin, - - - - I. 151 

its analysis not exactly ascertained, - I. ib. 

Ammona preferred to ammoniac, as a new term for 

what used to be called volatile alkali, - I. 176 
■ chiefly procured by distillation from ani- 
mal substances, ... 

composed of azot and hydrogen combined, 

Ammoniac, or volatile alkali, consists of azot and 

hydrogen, - 

Animal fluids, their nature and composition, 

■ solids, their analysis, 

. substances, chiefly composed of hydrogen, 

carbon, azot, phosphorus, sulphur, and lime, 
in various proportions, and in the state of 
oxyds by combination with oxygen, - I. 194 

Aqua regia, the old name of nitro-muriatic acid, I. 135 

Aroma, probably an imaginary element of bodies, I. 150 

Arseniac acid, its preparation, nature, and combi- 
nations, - - - - I. 305 
Asphaltum, its nature and composition, - - I. 160 
Atmosphere, composed of all bodies that are sus- 
ceptible of the gaseous form in the 
usual temperatures, and under the 
common pressures, 

— - formation and composition of, 

— probably contains in its upper re- 
gions a stratum of inflammable gas, 
Atmospheric air, analysis of, 

composed principally of azotic and 

oxygen gas, - - I. 80 

■ - nomenclature of its constituent 

parts explained, - - L 77 

Atmospherical pressure, necessary for the forma- 
tion and preservation of liquidity, and elastic aeri- 
form fluidity, .... I. 4.2.. 
Aurum problematicum, the name of an ore of gold, 1.219 
Austrum, proposed as the name of a regulus or me- 
tal said to have been produced from magnesia, I. 216 



58 


61 


I. 


ib. 


I. 


62 


I. 


63 



2 3° 



INDEX. 



Azo-muriatic proposed instead of nitro-muriatic, for the 

acid formerly called aqua regia, I. 296 
Azot, meaning- of it as a term, - - I. 81 
first detected in nitrous gas and nitric acid by Ca- 
vendish, and in ammona by Berthollet, - I, 256 
■ - table of its combinations, and observations upon 

them, - » I. 254 

Azotic gas, the noxious part of the atmosphere, former- 
ly called phlogisticated air, - - I. 81 
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Balsam of sulphur, its composition, 

Barytes, supposed to be a metallic oxyd, 

Benzoic acid, its preparation and combinations, 

Benzoin acid, its origin and analysis 

Bile, its nature and contents, 

Bitumen, its origin and analysis, 

Black, Dr. his nomenclature of alkalies and earths pre- 
ferred, - - - I. 2 

Blood, its properties and analysis, 

the composition of its albumen, 

— — — — ^— colouring matter, 

crassamentum, 

fibrin, 

gelatin, 

serum, 

Bodies of all kinds are solid, liquid, or gaseous, in 
the proportion, which exists between the attractive 
power of their particles and the repulsive power of 
caloric, - - - I. 39 48 61 

Bombic acid, its preparation, analysis, and combina- 
tions, ... 

Bone, its analysis, ... 

Boracic acid, its origin, preparation, and combinations, 
' found in the water of some lakes, 
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148 


I. 


212 


I. 


331 


I. 


151 


I. 


169 


I. 


160 


54 


255 


I. 


162 


I. 


163 


I. 


164 


I. 


ib. 


I. 


ib. 


I. 


163 


I. 


ib. 



Boracic radical, hitherto unknown, 
Borax, or tincal, a peculiar salt from India, 
— the method of purifying kept secret, 



I. 340 
I. 171 
I. 302 
I. ib. 
I. 303 
I. 302 
I. ib. 



I. 


216 


I. 


55 


1. 


172 



INDEX. 23I 

Borbonium, the proposed name of a new metal supposed 

to be extracted from barytes, 
Boyles vaccuum, some experiments with, 
Brain, its analysis, _••»..- 



Calculi, or m-inary concretions, their analysis, I. 170 

Caloric, igneous fluid, matter of heat, or unknown cause 
of heat, warmth or temperature, 
. ■ its combinations, - 

. ■ „ , capacity of bodies for containing, 

. ■ combined, or latent heat, 
■ 1 experiments for ascertaing its relative quan- 
tities, discharged from bodies in combus- 
tion, - 
. — . . * free or uncombined, - 

1 method of determining its relative quantities in 

bodies, - - - - - I. 53 

observations on its combinations with different 

substances, - - - - I. 244 

— i occasions the elasticity or aeriform state of all 

gases, - 

specific, explained 



I. 


40 


I. 


37 


I. 


50 


I. 


52 


I. 


119 


I. 


51 



I. 54 
I. 52 



Calorimeter, or instrument for measuring the relative 
quantities of caloric emitted from bodies, its 
description and use, - - - II. 52 

Calx, an improper term for metallic substances united 
with oxygen, (now called oxyds) because con- 
founding them with lime or calcareous earth, I. 104 

Camphor, its origin and analysis, - - I. 150 

Camphoric acid, its preparation, analysis, and combin- 

binations, - - - - I. 332 

Caoutchouc, elastic gum, India rubber, or lead-eater, 

its origin and analysis, - - I. 154 

Capacity of bodies for containing caloric, explained and 

illustrated, - - - - I. 49 

Carbon, its nature and combinations, ? - I. 267 
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Carbon susceptible of various degrees of oxydation and 
oxygenation, - 

Carbonic acid, its formation and combinations, 

Carburets, an account of their nature, 

Chalk, supposed a metallic oxyd, - 

Charcoal, found to be an oxyd of carbon, - I. 

Cheese, its origin and analysis, ... 

Chromic acid, its preparation, properties, and combin- 
ations, - I. 

Chromum, a newly discovered metal, 

Chyie, the dissolved food of animals, some account of^ 

Citric acid, its preparation, analysis, and combinations, 

Coal, its nature, origin, and composition, 

Colouring matter of blood, its composition, 

■ vegetables, some account of, 

Columbic acid, its preparation and combinations, 

Columbium, a newly discovered metal, 

Combustible bodies susceptible of different degrees of 
saturation with oxygen, 

Crystallization, method of facilitating, 

D 

Decantation, how performed, - - - II. 70 

Decrepitation, or method to deprive sea-salt of its wa- 
ter of crystallization, - - - I. 95 

Deflagration, methods of performing experiments upon, II. 142 

Diamond, supposed to be the perfectly pure element of 

carbon, - - - - I. 160, 268 

Dimensions of bodies augmented by increased temper- 
ature, - 

Dippels oil, its formation and analysis, 

Dissolution of metals, method of performing, 

Distillation, compound, how to carry on, 

— — 1 — pneumato-chemical, instruments for the 

performance of, ... 

■ rapid, how managed, - 

' ' simple, instruments for. 



I. 


268 


I. 


288 


I. 
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I. 


213 
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268 
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220 


346 
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220 


I. 


169 


I. 


317 


I. 


161 


I. 


164 


I. 


153 


II. 


219 


II. 


216 


I. 


92 


II. 


81 



I. 


37 


I. 


177 


II. 


97 


II. 


91 


II. 
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II. 


89 


II. 
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I. 


223 


I. 


154 


I. 


148 


I. 


150 


I. 


46 


I. 


47 


I. 


ib. 


II. 


ib. 


II. 


22 


II. 


78 



Earths, metallic nature of, averted, - - 1.211 

■ — simple substances which go under that general 
denomination, ... 

Effervescence, its nature and cause, 
Elastic gum, an account of, ... 

Emulsion, how prepared, - 
Essence of aromatic vegetables, its nature, properties, 

and composition, - 

Ether, aeriform in very moderate temperatures, 

cannot be prepared on high mountains, 

must become aeriform in the stomach, 

nitrous evaporates in lower temperature than sul- 
phuric, -..-•-•.-- 
Eudiometer, description and use of, - - 
Evaporation, how to conduct in chemical processes, 
Extract, or extractive matter of vegetables, the analysis, 

of, - ■.- - I. 154- 



Fat, its properties and analysis, 

Fecula, from vegetable substances, the analysis of, 

Fermentation, acetous, its phenomena and products, 

putrefactive, account of, 

'■■ vinous, a minute account of its pheno- 

mena, and investigation of the nature 
of its products, 

Filtration, how performed, ---..- 

Fire, its effects in decomposing animal and vegetable 

substances, - - - I. 173 

Flowers of Benjamin, or sublimate of benzoin, the same 

with benzoic acid, - - - -1.331 

Fluoric acid, its preparation, properties, and combina- 
tions, - - - - I. 299 

————— radical, its nature and combinations hitherto 

unknown, - - - I. 269 
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195 
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191 
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171 
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Formic acid, its preparation, analysis, and combinations, I. 330 
Furnaces, various constructions of, - - II. 151 
in which oxygen gas is employed, - II. 16 J 



G 



Gallic acid, its nature, preparation, properties, and com- 
binations, - ... 
Gall-stones, their origin and analysis, 
Gas, a term employed to express all substances in the 
elastic cieiiform state, ... 

first used by Van Helmont, 

•--■ in the new chemical nomenclature, expresses the 
fullest saturation of bodies with caloric, reducing 
them to the state of permanent aeriform fluids, 

alcoholic, ..... 

alkaligen, another name for hydrogen gas, 

— — ammoniacal, or pure ammona, 
— ' — aqueous, or permanent steam, 

azotic, formerly called p 1 hlogisticated air, 

ethereal, or ether in permanent vapour, 

muriatic acid, .... 

Gaseous oxyd of Carbon, it nature and properties, - 

azot, its discovery and nature, 

■ ' ■ its strange intoxicating quali- 
ties, when inspired, 
Gases contain a portion of water in solution, which must 

be rigidly attended to in all experiments, 
consist of a solid base combined with or dissolv- 
ed in caloric, .... 
■■ corrections of, relative to the degrees of pres- 
sure of the atmosphere, or of water or of mer- 
cury in containing vessels, 

corrections of, relative to their temperatures, 

how to ascertain their volume, 

separate from each other, 
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338 


I. 


169 


I. 


49 


I. 


79 


I. 


79 


I. 
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81 


I. 


79 
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81 


I. 


79 
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224 
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48 
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, 45 
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.necessary in all experiments with, to take into 
account their pressure and temperature, both 
before and after, • 
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INDEX. 



W 



Gases, methods for ascertaining their weights, ,- II. 49 

■ calculating the various corrections 

of their volume, weight, tempera- 
ture, unci pressure, - - id. 
Gastric liquor, its properties and analysis, - I. 168 
Gazometer, its description, and directions for its use, II. 22 30 
Gazometry, or measurement of the weight and volume 

of gases, instruments for, - - - II. 19 

Gelatin, or animal gluten, or glue, its analysis, - I. 163 

Glaucine, a newly-discovered earth, - I. 208 

Gluten, vegetable, its analysis, - ; - I. 145 

Gum, its nature and analysis, - - - I. 142 



H 



Heat, sensible, explanation of, 

Hepatic air, or sulphurated hydrogen gas, the chief cause 

of fetor in excrement, ... 

Honey, its origin and analysis, - - - 

Home, similar in its properties and analysis to bone, 
Hydrargyrique, reasons for preferring mercuric to that 

term, - - 

Hydrogen, or generative principle of water, 
— — — — table of its Combinations, with observations 

on their nature, - 

Hydrometers, construction and uses of, 
Hydrostatic balance, uses of, ... 



I. 52 
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131 


I. 


145 


I. 


171 


I. 


226 


I. 


112 


I. 


258 


11 


17 


II 


16 



Imperfect vinegar, name given to malic acid by Herm- 

stadt, ---... 

Ingenhouz, elegant experiment by, 
Instruments of chemistry, description of, 
— — — — for experiments on the combustion of bo- 
dies, ... - 

for fusion, _ . - r 

Instruments for weighing bodies, 
Iron, combustion of, explained, 
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314 


I. 


69 
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II. 


111 


II. 


140 


II. 


12 
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J 

Jet, a substance, analogous with coal, - - I. 161 

K 
Kingof metals, the term for gold among the alchymists, I. 13? 

L 

Laccic acid, procured from the white lac insect, 
Lactic acid, or acid of sour whey, 

■ its combinations, ... 

Levigation, method of performing, 

Light, its connection with caloric hitherto unknown, 

observations on its combinations, 

Ligneous fibre, analysis of, - 

Lithic acid, its origin, analysis, and combinations, 

Lixiviation, directions for performing, 

Lutes, composition and application of, 

Lymph, a solution of albumen and gelatin, 

M 

Magnesia, its metallic nature asserted, 

Malic acid, its preparation, analysis, and combinations, 

Martial ethiops, some account of, 

Melilite, or honey-stone, appears to be a neutral salt, 
containing a peculiar acid, not hitherto investigated, 

Membrane, its analysis, - - 

Menachanite, a new mineral found in Cornwall, 

Metallic bodies, general account of, 

Metals, list of all those hitherto known, 

several newly discovered, 

observations on their combinations with each 

other, - - . I. 270 

their weight uniformly and largely augmented 

by oxydation, or what used to be called calci- 
nation, - - . I. 102 
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209 
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I. 


167 


I. 


370 


I. 


142 


I. 


168 


I. 


96 


I. 


292 


97 


269 


I. 


96 



Milk, its component parts, 

Molybdic acid, its origin, preparation, and combinations, 
Mucilage, its analysis, 

Mucus, or inspissated lymph, some account of, 
Muria, the unknown base of muriatic acid, 
Muriatic acid, its nature, preparation, and combinations, 
Muriatic base or radical, its nature and combinations hi- 
therto unknown, - - I. 
Muriogen, or unknown base of muriatic acid, 
Muriogen gas, has been proposed as a term for hydrogen 
gas, under the idea that it is the acidifiable base or 
radical of murkitic acid, - - - I. 112 
Murioxic acid, proposed as a more convenient term for 

what is called oxygenated muriatic acid, - I. 98 225 
Muscular fibre, its analysis, - - - I. 171 
convertible into animal fat, or a sub- 
stance resembling spermaceti, - I. 294 

N 
Naphtha, analysis of, - - - 1 1 60 

Neutral salts, their denominations taken from the 
nature of the acids they contain, and the ba- 
ses by which they are formed, 

■ — . their formation, - 

Nitric acid, its nature and combinations, 

■ ■ how procured, 

radical, discovered to be azot, 

Nitrogen, a term proposed instead of azot, 
Nitro-muriatic acid, its nature, preparation, and combi- 
nations, I. 135 236 

.. gas, disengaged during the solution 

of metals in nitro-muriatic acid, not 
hitherto investigated, I. 296 

Nitrous gas, its nature and properties, I. 100 

Nitroxic, proposed as a better term for oxygenated ni- 
tric acid, - - - - I. 225 
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o 

Oil, essential, its nature and analysis, 

expressed, analysis of, 

fixed, some account of, - • - 

volatile, analysis of, - - - 

volatile, animal, its analysis, and destructive de- 
composition of, - 

Oleo-saccharum, how prepared, - - 

Operations of chemistry, description of, 

Oxalic acid, its preparation, analysis, and combinations, 

Oxy-azotic gas, some account of, - 

Oxy-carbonic gas, nature and properties of, - II. 211 

Oxyd, a general term for all bodies united with oxygen, 
in a lower proportion than is requisite for con- 
verting them into acids, - - I. 104 

of azot, reasons of the term, - I. 105 

1 of rnuriogen, would be a proper term for wa- 
ter, if hydrogen gas should be found the 
base of muriatic acid, - - I. 112 

. of phosphorus, some account of, - - I. 104 

of sulphur, reason of the term, - I. ib. 

Oxydation, the act or process of converting bodies into 

oxyds, - - - - I. 105 

Oxyds, animal, less known than those from the vegeta- 
ble kingdom, and more compound, - I. i$2 

compound, or with compound bases, obser- 
vations on, ... 

mctaliic, formation and nature of, 

have various, and appropriate co- 
lours, ... 

Oxygen, its meaning as a term explained, 

the universal acidifying principle, 

its union with combustible bodies to complete 

saturation, for the most part converts them 

into acids, - - - 1, ib. 

observations on its combinations with com- 
pound radicals, - - I. 251 
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I. 
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I. 


80 
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Oxygen, table of, and observations upon, its combina- 
tions with simple substances, - - I. 245 

gas, the highly, and only rcspirable part, by 

itself of atmospheric air, - - I. 80 

- — decomposition of, by metals, - I. 102 

! ■ — i — ' carbon, phospho- 
rus, and sulphur, I. 33 
Oxygenation, a general term, indicating the saturation 
of bodies with oxygen, by which they are converted 
into acids, - - - - I. 88 
Oxy-muriat, proposed as a more convenient term than 

oxygenated muriat, - - - I. 291 

Oxy-muriatic acid, or oxygenated muriatic acid, its na- 
ture, preparation, properties, and combinations, - I. 292 



Parthenium, proposed as the name of the supposed 

metal from chalk, - - - I. 216 

Particles of bodies continually subject to the opposing 

powers of attraction and repulsion, - - I. 39 

Perspirable matter, from animals, its nature and proper- 
ties, - 

Petroleum, its nature and analysis, 

Phlogiston of Stahl, considered as hydrogen by some 
chemists, - - - - 

Phosphorated hydrogen gas, some account of, 

Phosphoric and phosphorous acids, their nature and 
combinations, ... 

Phosphorus, its discovery, - - - 

its combinations, 

■ found sometimes in charcoal, 

■ new method of preparing, 

Phosphurets, their nature, 

Plumbago, or graphite, commonly called black-lead, an 
oxyd of carbon, 

Pneumato-chemical apparatus, its invention and uses, 

Potash, how prepared, 



I. 


170 


I. 


160 
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259 
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131 
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285 
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264 
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263 
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265 
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264 
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130 




269 
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19 


I. 


200 



249 INDEX. 

Proximate elements of animal and vegetable bodies, 
' some account of, ... - I. 141 

Prussic acid, its base or radical composed of azot, hydro- 
gen, and carbon, - - - I. 137 

its pi ep t uadon and combinations, I. 345 

Pulverization, methods for performing, - II. 63 

Pyrites, named sulphurets in the Hew nomenclature, I. 130 

Pyro-ugnous acid, its preparation, analysis, and combin- 
ations, - - - - - I. 319 

Pyro-mucous acid, its preparation, analysis, and combin- 
ations, - - - - - - I- 322 

Pyro-tartarous acid, its preparation, analysis, and com- 
binations, - - - - - I. 319 



Quintessence of odorous vegetables, the nature and pre- 
paration of) .... - I. 149 

R 

Radical vinegar, the old term for acetic acid, which see, I. 329 
Radicals, or substances which are susceptible of combin- 
ations with oxygen, either in the states of oxyds or 

acids, - - - - - I. 241 

Resin, analysis of, - - - - I. 152 

Rochelle Salt, its composition, - - - I. 313 



Saccharine matter, analysis of, - - - I. 144 

Saccho-lactic acid, its origin, analysis, and combina- 
tions, - - - - - I. 337 

Salifiable bases, or substances which may be changed to 
neutral salts by union with acids, - - I. 199 

Salifying principles, or such chemical substances as are 
capable of converting salifiable bases into neutral salts ; 
another term for acids, - - - I. ib. 

Saliva, its nature and composition, - - I. 168 



INDEX. 



241 



Salts, confined as a chemical term to the union of salifi- 
able bases with acids. Hence alkalies are excluded 
from the class, - - - - - I. 199 
Sebacic acid, its formation, analysis, and combina- 
tions, - - - - - I. 171, 342 
Seignette,salde, the preparation of, - - I. 313 
Serum of milk, or whey, its analysis, - - I. 167 
Shells, consist chiefly of carbonat of lime, - 1.171 
Siderite, formerly supposed a particular metal, - I. 221 
Simple bodies, combustion of, - - I. 37 
so far as hitherto known, their enumer- 
ation and nomenclature, - I. 236 
Soap, its composition and analysis, - - I. 147 
Soda, its formation, - - - I. 203 

supposed to contain magnesia as its base, I. 204 

Solution of salts, directions for performing, - II. 72 
Spiritus rector, a supposed element of bodies - I. 150 
Starch, its origin and analysis, I. 143 
Steam, equivalent to aqueous gas, - - I. 78 
Strontites, a newly-discovered earth, - - I. 206 
Strontitic spar, analysis of, I. id. 
Suberic acid, its preparation, analysis and combinations, I. 348 
Sublimation, method of performing, - - II. 89 
Succinic acid, its preparation, analysis, and combina- 
tions, - - - - - I. 331 
Sugar, analysis of, ... - I. 144 
Sugar of TTiilk, how procurable, - - - I. 167 

its acid, otherwise called saccho-lactic, I. 168 

Sulphur, where found naturally, - - 1.262 

its combinations with simple substances, I. ib. 

Sulphuric acid, its nature and nomenclature, - I. 93 

its combinations, - - I. 278 

Sulphurous acid, its nomenclature explained, - I. 92 

-its combinations, - - I. 280 

Sulphurets, their nature and properties, - - I. 130 
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Tanin, or astringent principle, its origin, preparation, 

and properties, - I. 155 

Tartarous acid, its preparation, analysis, and combina- 
tions, ------ 

Tellurium, a newly-discovered metal, 

Titanium, a newly-discovered metal, 

Tungstic acid, its origin, preparation, and combina- 
tions, . . - - - 

Trituration, method of performing, 

U 

Uranium, a newly-discovered metal, - - I. 217 

Uranit-oker, the ochreous state of uranium, - I. ib. 

Uree,a peculiar substance procurable from urine, I. 170 

Urine, its properties and analysis, - - I. ib. 



Vaporization, method of performing, - - II. 78 
Vegetable products are mostly compound oxyds, chiefly 

composed of hydrogen and carbon, - - I. 136 

Vinegar, process of its formation, - - I. 196 

may be produced from water impregnated 

with carbonic acid and alcohol, - - 1. ib. 

Vitreous combinations, rationale of, - - I. 229 

W 

Water, composed of hydrogen and oxygen, - I. 116 

. decomposed by charcoal and iron, - - I. 107 

synthetic recomposition of, - - I. 1 14 

Wax, analysis of, - - - - -I. 151 

Whey, its analysis, - - - - I. 167 

Wolfram, an ore of Tungstein, - - - I. 310 
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Y 

Yttria, a newly-discovered earth, - I. 209 

Z 

Zircon, a newly-discovered earth, - I. 208 

Zoonic acid, its preparation, analysis, and combinations, I. 547 
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